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ABSTRACT 
Vicia faha is one of the oldest fodder crop known by man and used as a 
source of protein and carbohydrate for both human and the animals. Attempts 
to popularise faba bean as a pulse crop for the plains of India, have met with 
limited success because of lack of variability in the available germplasm. 
Moreover, the material is easily available, easy to grow and handle, which make 
it suitable for the use all over the world. 
Realizing the importance of Viciafaha, the present work deals with the 
« 
effect of gamm rays, y + SA, y + caffeine, SA and aniline on seed germination, 
seedling and plant growth, morphology, pollen fertility, meiotic abnormalities 
and yield in M,, M., and M, generations. Few selected mutants have been 
maintained in M, generation. The findings are abstracted below : 
1. Seed germination and pollen fertility showed a dose dependent decrease 
with gamma rays,S A and aniline, while in five combination treatments 
(lOKR + 0.25% and 20KR +0.25%y + SA and lOKR + 0.25%; 20 KR + 
0.25% and 30KR +0.25% y + caffeine) they showed slight increase in 
mean values as compared to their previous lower concentrations, giving 
random trend in combination treatments. Same trend was followed, in 
these doses in M, generation also, but the germination percentage and 
pollen fertility were comparatively higher than that in M, generation. 
Combination treatments showed synergistic (additive) effect and induced 
more reduction than individual treatments. Gamma rays induced more 
reduction in higher doses as compared to SA and aniline. 
2. Frequency of variations increased with increasing doses/concentrations 
in gamma rays, SA and aniline, but in above mentioned five combination 
treatments the frequency was slightly lesser than their lower 
concentrations. The mutants in M, were selected on the basis of selfmg 
the variants of M, and maintaing them in M.,. The frequency of mutations 
was generally lower in M, and M, generations, than the variants obtained 
in M, generation. 
3. Average height of mature plants decreased with increasing doses/ 
concentrations in gamma rays, SA and aniline. Combination treatments 
showed additive effect and induced more reduction in height as compared 
to individual treatments. The maximum reduction in height was obtained 
in y + SA followed by y + caffeine, SA, gamma rays and aniline. The 
average height of plants decreased in M, generation also, but generally 
the height of plants was higher than M,. Moreover, some mutants obtained 
as a result of segregation in M, and M, were taller than control plants, 
as well as general treated populations. 
4. The cotyledonary and vegetative leaves of treated plants exhibited 
abnormalities like notching, lobe formation, rudimentary, poor 
development, fusion of both margins of leaflets to form cup shape 
structure, unequal, changes in margin and apex and increase in thickness 
in M, generation. These abnormalities were common in all the mutagens, 
with the difference in their frequencies only. In aniline, the leaflets were 
mostly obovate, smaller, thicker, entire and round. Almost similar 
abnormalities were observed in M, and M, generations also, but the 
frequencies were lower. 
Older seedlings also exhibited morphological variations such as varied 
leaf shape and size, semi erect plants with lesser number of branches 
and leaves, thick, hard and woody stem, healthy seedlings with increased 
number of branches, delayed germination followed by retarded growth 
and rudimentary seedlings bearing undifferentiated branches and leaves. 
In M., generation, the variations in leaf morphology like unequal, deep 
notching, three lobes, deshaping. fusion and narrowing were also 
observed. 
In mature plants, the morphological mutants like dwarf mutants with 
small narrow leaves, dwarf mutants with decreased number of branches, 
taller bushy plants with increased or decreased number of branches and 
leaflets, mutants with increased or decreased number of flowers, erect 
and semi erect habits, higher or lower yield than control, were obtained 
in various treatments of M, and M, generations. 
Various micromutational characters such as leaf ratio, average number 
of leaves, branches, pods, seeds and weight of seeds on per plant basis 
as well as on the basis of weight of 100 seeds were isolated and studied 
in M,, M, and Mj generations. Except leaf ratio, which was random and 
independent of doses, all other characters decreased with increasing 
doses/concentrations of gamma rays, SA and aniline. Combination 
treatments showed random effect similar to seed germination and pollen 
fertility. The yield was maximum in aniline followed by SA, gamma rays. 
y + caffeine and y + SA. Generally the yield was higher in M, and M, 
generations than M, due to the ceasing toxic effect of mutagens. 
8. A wide spectrum of chlorophyll mutants (Albina, Xantha. Viridis. 
Xanthoviridis, viridoxantha and striata) were obtained in M, generation. 
The frequency of chlorophyll mutations was dose dependent and 
increased with the increasing doses/concentrations of mutagens, y + SA 
treatments induced the highest frequency of chlorophyll mutations 
followed by y + caffeine, y rays. SA and aniline. 
9. The mutagenic effectiveness was higher at lower doses of the mutagens. 
The order of mutagens based on effectiveness was y rays>SA> aniline> 
y + SA > y + caffeine, y-rays being the most effective. The mutagenic 
effeciency worked out on the basis of seedling injury (MP/I) and pollen 
sterility (MP/S), also showed a declining trend with increasing 
concentrations of gamma rays. SA and aniline, while in combination 
treatments it showed random effect. The order of mutagenic efficiency 
was y + SA> y + caffeine > SA > aniline > y-rays. 
10. The effect of mutagens on meiotic chromosomes was studied in detail. 
The chiasma frequency (per cell and per bivalent) generally decreased 
with the increasing doses/concentrations of mutagens at diakinesis and 
metaphase I stages, while in combination treatments (lOKR + 0.25% 
and 20KR + 0.25% y + SA and lOKR + 0.25%, 20KR + 0.25% and 30KR 
+ 0.25% Y + caffeine), there was increasing trend as compared to their 
lower concentrations. The maximum adverse effect on chiasma frequency 
was observed in y + SA, followed by y + caffeine, y rays. SA and aniline 
treatments. The same pattern was followed in M^ generation also. 
11. Multivalent associations and stickiness were observed at diakinesis and 
metaphase I stages. Their frequencies increased with increasing doses/ 
concentrations of mutagens. Multivalents and stickiness were also 
observed in M^ and M, generations but their frequencies were 
comparatively lower than that of M, generation. 
12. The univalents were observed at metaphase I stage but their frequencies 
were very low. However, they increased with increasing doses/ 
concentrations of mutagens. The univalents were not found in M, and 
M, generations. 
13. Precocious separation of chromosomes was observed at metaphase 1 
stage. Their frequency increased with increasing doses/concentrations 
of all the mutagens and the increase was significant at 1% level in higher 
doses/concentrations of all mutagens. Their frequency decreased in M, 
and M, generation. 
14. At anaphase I, the abnormalities like laggards, bridges, unsynchronized 
movement of chromosomes and unequal separation, were mainly 
observed. The maximum frequency of these abnormalities were observed 
in Y + SA followed by y + caffeine, y rays, SA and aniline. In M^ and M, 
generations, same abnormalities were observed, but their frequencies 
were lesser than M,. 
15. At telophase 1, the main abnormalities were laggards and bridges. Their 
frequencies increased with increasing doses/concentrations of mutagens. 
The laggards were more common in y + SA, y rays and SA and the bridges 
in y + caffeine and aniline. In M, and M, generations they were lesser 
than Mj. 
16. Abnormalities at second meiotic stages were lesser in treated populations 
in M, and M., generations. However, some of the abnormalities recorded 
were laggards and micronuclei at prophase II, fragments and precocious 
separation at metaphase II. laggards, bridges and disoriented 
chromosomes at anaphase II and multinucleate microspore mother cells, 
laggards and bridges at telophase II and these were significant in higher 
doses/concentrations of almost all mutagens. The frequency of these 
abnormalities at second meiotic stages were maximum in y + SA followed 
by y + caffeine, y rays, SA and aniline. In M, generation, the frequencies 
of above mentioned abnormalities were lesser than M,, while in M, no 
such abnormalities were present in second meiotic stages. The possible 
cytogenetic reasons behind the variations have been discussed in detail. 
17. The positive and negative mutants have been isolated in M,. They showed 
various morphological characters almost similar to that of M, such as 
tall, dwarf, bushy, less branching, high or low yielding etc. which were 
further stabilized in M, generation. 
It has been concluded that the morphological and cytological variations 
observed in the present investigation may be due to physiological disturbances 
in metabolic activities or growth regulators (auxins and cytokinins) and the 
genetic disturbances like various chromosomal associations and disturbed 
spindle formation as a result of the action of different mutagens used. In the 
condition of undetectable changes at chromosome level, the changes at genie 
level (cryptic structural changes) have been attributed as the reasons for 
phenotypic changes. Combination treatments (y + SA and y + caffeine) showed 
synergistic effects and caused deleterious effects more than single mutagen 
treatments (i.e. gamma rays, SA and aniline), except some random effect in 
intermediary doses of y + SA and y + caffeine. Morphological variations were 
higher and mostly adapted in M, generation, while in M, the mutants were either 
chromosomal or genie and moreover recessive, because in aniline the frequency 
of chromosomal abnormalities as compared to other mutagens was lower while 
morphological mutations were significant. The mutation rates in lower doses 
were higher since less damaging doses were more effective and efficient. 
Chromosomal abnormalities were also dose/concentration dependent and more 
or less responsible for morphological variations. The mutations were more or 
less similar in all the mutagens with only differences in their frequencies and 
slight specification in y + SA and y + caffeine, wherein it showed random 
increasing trend in two and three concentrations of the mutagens respectively. 
It can be presumed that where ever enzymes are involved there must be the 
involvement of genes, as the genes are expressed in the forms of proteins and 
enzymes. If there is any alteration at genie or base level the mutation is found 
to occur. 
Moreover, the induced cytomorphological variabilities in the present 
investigation provided greater chances of selection for different desirable 
characters in Vicia faba L. 
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CHAPTER-1 
INTRODUCTION 
Mutations are sudden heritable changes in the genotype of an organism 
not explainable by recombination of pre existing genetic variability. The concept 
of mutation (a term coined by De Vries (1901), a rediscoverer of Mendel) is 
pervasive in genetics. The term mutation refers both to the change in the genetic 
material and to the process by which the changes occur. An organism exhibiting 
a novel phenotype as a result of the presence of a mutation is referred to as a 
mutant. 
Mutation is the ultimate source of all genetic changes (variations) and 
provides the raw material for evolution. Such genotypic changes include 
changes in chromosome number (euploidy and aneuploidy), gross changes in 
the structure of chromosomes (chromosome aberrations) and changes in 
individual genes (point mutation). Mutagenesis is the term referred to the 
phenomenon of changing the base sequences in DNA, resulting in the altered 
gene which in turn produces an altered protein and hence an altered organ. The 
agents which possess the quality of acting upon the genetic material and cause 
mutations are called as mutagens. 
Different mutagens may be grouped as follows : 
A. Physical mutagens (all of them are various kinds of radiations). 
1. Ionising Radiations 
(a) Particulate radiations, e.g. a-rays, P-rays, fast neutrons and thermal 
neutrons. 
(b) Non particulate radiations e.g. X-rays & y-rays. 
2. Non Ionising Radiations e.g. - Ultra violet radiation. 
B. Chemical Mutagens 
1. Alkylating Agents, e.g. -Sulphur mustards, nitrogen mustards, epoxides, 
sulphates and sulphonates (e.g. diethyl sulphate, ethyl methane 
sulphonate, methyl methane sulphonate and ethylene imines etc, 
2. Acridine dyes e.g. acriflavin, proflavin, acridine orange, ethidium 
bromide. 
3. Base Analogues e.g.-5-bromouracil, 5-chlorouracil etc. 
4. Miscellaneous e.g.- nitrous acid, hydroxyl amine, sodium azide, aniline 
etc. 
Mutagenic action of x-rays was discovered by Muller (1927) in 
Drosophila, and by Stadler (1929) in barley and maize. Muller demonstrate< 
that x-ray treatment markedly increased the frequency of sex linked recessive 
lethal mutation in D. melanogaster. 
Though there were several attempts to induce mutations by chemical 
agents (see : Westergaard, 1957; Gustafsson, 1969) the first definite evidence, 
that chemical agents can induce mutations, was obtained by Auerbach and 
Robson (1942). 
Mutation is the only method by which allelic differences between the 
genes can arise. Brock (1970) found that induced mutations are considered as 
the alternative to the naturally occurring variations, as the source of germ plasm 
for plant improvement programmes and as alternative to hybridization and 
recombination in plant breeding. The relative advantages of mutation and 
recombination in plant breeding have been considered in relation to genetic 
nature of trait to be improved in the breeding system of the species. 
The direction and rate of mutations vary in different genes. Mutations 
with large effects cause large disturbances in the normal development and 
functioning, therefore, mutations with small effects are of importance in 
evolution. Mutations could have harmful as well as useful effects. Induced 
mutations are found to be successful in yield characters, induction of early 
maturation and alteration in grain or seed quality are generally useful. 
1.1 Origin of Vicia faba : 
According to De Candolle Vicia faba was probably wild in the south of 
the Caspian and the North of Africa some thousands of years ago. It is believed 
that this bean was cultivated in Europe in prehistoric times, where it was 
probably introduced by the western aryans at the time of their earliest 
migration. It was taken to China later, a century before the christian era, still 
later to Japan and quite recently into India. It is cultivated in India in the Pubjab, 
North west provinces and Nilgiris upto 1500-1800 m height. Seeds are sown 
from the middle of September to the end of October and the crop is harvested 
when the pods are well developed. Faba bean is a partially cross pollinated 
crop. The range in cross pollination estimated is from almost complete selfing 
to very high out crossing rates that is 4-89% (Bond & Poulson, 1983). It is 
very important crop. All the commercial vetches make good hay, silage, 
pasturage and green manure and can be used for cover crops. The seeds are 
used as vegetable and as ground poultry feed. 
1.2 Food Value and Uses of Hcia/flftfl : 
The faba bean is one of the oldest crops known by man and used as a 
source of protein and carbohydrate for both human and the animals. Its critical 
role in crop rotation, in reducing energy cost, improving soil physical 
conditions and decreasing the amount of diseases and weed populations has 
long been recognized. Its large seeds are also an important vegetable for 
freezing and garden use. It contains about 25 percent of albuminoides and 5 to 
7 percent of fibre. Malallah et al. (1996) reported that the Viciafaha can also 
be used as a bioindicator of oil pollution. 
Attempts to popularise faba bean as a pulse crop for the plains of India, 
have met with limited success because of lack of variability in the available 
germplasm. Moreover, the material is easily available, easy to grow and handle 
which make it suitable for the use all over the world. 
Realizing the importance of Viciafaba, mutation breeding work has been 
aimed in the present experiments which offers a quicker way for increasing 
the variation in crop plants. The treatment of physical mutagen (y rays), chemical 
mutagens (Aniline & Sodium azide) and combinations of physical + chemical 
mutagens (y rays + Sodium azide, y rays + caffeine) have been employed in 
different doses and concentrations at seed level. 
The assessment of mutagenic effects of these physical and chemical 
mutagens has been done on different parameters such as seed germination, 
seedling and plant growth, survival rate, mutation frequency, habit of the plant, 
nature of flowering, branching, yield etc. 
As a cytogenetic material Vicia faba has the advantage of having six 
pairs (2n=12) of relatively large chromosomes that are excellent for assessing 
the chromosomal aberrations. Cytogenetic studies in control and mutants have 
been done in detail and possible genetic reasons have been worked out for 
morphological variations. 
1.3 Morphological Description : 
Vicia faha (Linn.) 
Vicia faba is a member of family fabaceae, the second largest family 
consisting of 550 genera and 1300 species of flowering plants, occurring 
through out the world. 
Habit Annual herb 
Root The tap root system 
Stem Aerial, erect, green or greenish yellow, varying in 
height from 2 to 5 feet. 
Leaves 
Inflorescence 
Flower 
Calyx 
Corolla 
Androecium 
Gynoecium 
Pinnately compound, some times imparipinnate, 
alternate and stipulate, obovate, entire, obtuse and 
smooth. 
Recemose, axillary or terminal 
Bisexual, bracteate, zygomorphic, complete, 
hypogynous/perigynous. Thalamus forming a shallow 
cup like structure. 
Sepals 5, gamosepalous, valvate aestivation, the odd 
sepal always anterior in position. 
Petals 5, polypetalous, irregular, papilionaceous, 
posterior petal is larger known as standard or 
vexillum, two lateral wings and two anterior keel. The 
keels are temporarily united to form a boat shaped 
structure which encloses the essential organs. 
Imbricate aestivation, descending. 
Stamens 10, anther generally bilobed, introde usually 
open longitudinally. 
Monocarpellary, unilocular ovary, marginal 
placentation. In most cases the ovary has small stalk, 
ovules arranged in two alternating rows along the 
ventral structure. Ovules generally anatropous, style 
simple, ovary superior or half inferior. 
Fruit Legume (pod), dry dehiscent type of fruit. 
Developed from monocarpellary ovary breaking 
through both margins. 
Seed Non endospermic with two cotyledons, more or less 
round or oval. 
Pollination The flowers are specially adapted for self pollination. 
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CHAPTER - II 
MATERIALS AND METHODS 
In the present work the effect of physical mutagen (y rays), chemical 
mutagens (SA and aniline) and their combinations (y + SA and y + caffeine) 
have been studied on the cytomorpholoigcal characters on Viciafaba L. 
The certified, healthy and dry seeds of V. faha L. were used for all the 
experiments. In each concentration or dose of the mutagen 50 seeds were 
treated in three replicates and sown in randomized block design. The schedule 
of the treatment is given below -
2.1 TREATMENT SCHEDULE 
Mutagens 
gamma rays 
gamma rays + SA 
and 
gamma rays + caffeine 
(KR+ % Concentrations) 
Sodium Azide 
and Aniline 
Doses (KR)/Concentrations (%) 
5, 10, 
5+0.25, 
10+0.25, 
20+0.25, 
30+0.25, 
40+0.25, 
0.50, 0.75, 
and 2.00% 
20, 30. 
5+1.00. 
10 +1.00. 
20+1.00, 
30+1.00, 
40+1.00, 
1.00, 1.25, 
40KR 
5+2.00 
10 +2.00 
20+2.00 
30+2.00 
40+2.00 
1.50 1.75 
N 
J 
The source of gamma rays was Co*° at National Botanical Research 
Institute (NBRI), Lucknow, India. Three sets of 50 seeds each were soaked 
simply in distilled water as control. 
2.2 EXPERIMENTAL PROCEDURE: 
2.2.1 :Preparation of Mutagenic Solution : 
2% stock solution of all the chemical mutagens were prepared. Different 
concentrations were made from the stock solution, by using the formula : 
where S, = strength of stock solution 
V, = volume of stock solution 
S., = strength of desired solution 
V^ = volume of desired solution 
2.2.2 : Pre-treatment and treatment of seeds with mutagens : 
Seeds of uniform size were used for different treatments. Prior to 
chemical mutagenic treatment the seeds were presoaked in distilled water for 
6 hrs. at room temperature, in order to activate the embryo. There after, the 
seeds were treated in chemical mutagens for 24 hours. 
2.2.3 : Sowing of the treated seeds : 
After the treatment with different concentrations of mutagens for 24 
hrs., the seeds were thoroughly washed in running water in order to remove the 
mutagen from the seed surface. Three replications of 50 seeds each were sown 
for each treatment. The cytomorphological observations were recorded from 
treated populations as well as controls 
2.3 OBSERVATIONS RECORDED IN M, GENERATION : 
A detailed study of the effects of different mutagenic treatments was 
done using the following parameters: 
2.3.1 : Seed Germination : 
In control and lower doses of mutagens the seed germination started 
10th day after sowing. Germination data were recorded every alternate day 
upto 30 days till the maximum germination was attained. 
The germination percentage, based on the number of seeds sown and 
germinated, is calculated by the following formula : 
Germination Percentage = No. of seeds germinated/no. of seeds sown x 
100 
The delaying effect of mutagens on germination was recorded on the 
basis of the extra days taken for germination in the treated populations as 
compared to control. 
2.3.2 : Seedling Injury : 
Seedling injury or percentage inhibition in germination was calculated 
by using following formula : 
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Seedling Injury (%) = 
No. of seeds germinated in - No. of seeds germinated in 
control treated population 
• XlOO 
No. of seeds germinated in control 
2.3.3 : Seedling Morphology : 
The parameters of morphological variations were the size and shape of 
cotyledonary and vegetative leaves and habit of seedlings. 
2.3.4 : Frequency of Morphological Variations : 
The morphological variations were scored on the basis of visible physical 
characters and deviations from the normal behaviour of the plants as compared 
to control. Following method was adopted to calculate the frequency of 
varia tions. 
Variation frequency (%) = 
No. of varied seedlings/Total No. of germinated seedlings X 100 
2.3.5 : Plant Height : 
The height of plants was recorded from the point above the ground to 
the tip of the main axis, at different intervals i.e. at seedling stage and at maturity. 
y 2.3.6 : Number of leaves per plant : 
V. faba plant bears compound leaves. Each rachis, considered as single 
leaf, bears the number of leaf lets. Leaves were counted in all the branches of 
the plant. 
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2.3.7 : Leaflet size ratio : 
Leaflet size ratio is calculated by using the following formula : 
Leaflet size ratio = L/B 
where, L = Length of leaflet 
B = Breadth of leaflet 
2.3.8 : Number of Branches : 
Branches were counted emerging out of main stem in all the treatments 
along with the control. 
2.3.9 : Number of Pods per plant : 
Number of pods borne on the whole plant were counted at maturity. 
2.3.10 : Plant yield : 
Plant yield was the weight of total number of seeds harvested per plant 
in grains. 
2.3.11 : 100 Seeds weight (gms) : 
It was the average weight of random samples of 100 seeds from each 
treatment. 
2.4 CYTOLOGICAL STUDIES: 
2.4.1 (i) Fixation of flower buds : For study of meiosis, the flower buds of 
proper size were fixed, between 8.00-10.30 a.m., in Carnoy's fluid (6 
parts absolute alcohol : 3 parts chloroform : 1 part glacial acetic acid) 
12 
for 40-45 minutes or until complete dissolution of chlorophyll. Buds 
were then transferred to propionic acid (saturated with ferric acetate) 
for 24 hrs. and then material was washed with 70% alcohol and stored in 
it. 
(ii) Preparation of slide : Anthers were squashed in 0.5% 
propionocarmine stain (Swaminathan et al., 1954). These slides were 
dehydrated in NBA series (Bhaduri & Ghosh, 1954) mounted in Canada 
balsam and dried in incubator at 45°C for 3-5 days. Cytological 
observations and microphotographs were taken from temporary as well 
as permanent slides. > 
2.4.2 : Ciiiasma Frequency : 
The number of chiasmata per cell and per bivalent was estimated in treated 
as well as control plants by scoring 200 PMCs at random, at diakinesis and 
metaphase 1 stages. 
2.4.3 : Meiotic Abnormalities : 
Randomly selected 200 PMCs were analysed from diakinesis to 
telophase 11 stages for the study of meiotic anomalies, such as multivalents, 
stickiness of chromosomes, unequal division, bridges with or without 
fragments, laggards, precocious separation, disoriented chromosomes, 
micronuclei and multinucleate PMCs etc. 
2.4.4 : Pollen Fertility : 
Anthers of the randomly selected control and treated plants were 
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squashed in 0.5% acetocarmine. Fully stained, full size pollen grains with 
smooth and regular outline were counted as fertile while unstained, empty, 
shrunken and deshaped pollen grains were counted as sterile. The percentage 
of pollen fertility in each concentration was calculated by using the formula -
Pollen fertility (%) = No. of fertile pollen grains/Total No. of pollen 
grains X 100 
2.4.5 : Percentage Reduction in Pollen Fertility : 
The following formula was used to calculate the percentage inhibition 
or Injury. 
Percentage Inhibition or Injury in pollen fertility = 
Pollen fertility in control plants-pollen fertility in treated plants 
XlOO 
Pollen fertility in control plants 
M^ GENERATION 
A set of control seeds and all those obtained from treated populations of M, 
generation were sown for study in M2 generation. Three replicates were 
maintained in each treatment. 
2.5 OBSERVATIONS RECORDED IN M^  GENERATION : 
2.5.1 ^i) Chlorophyll mutation frequency : Chlorophyll mutations were 
scored and classified when seedlings were 8-15 days old. The frequency 
of chlorophyll mutations was calculated by the following formula : 
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Chlorophyll mutation frequency (%) = 
No. of mutant seedlings/Total No. of M, Seedlings X 100 
The chlorophyll mutation frequency was calculated on progeny as well 
as on plant basis. 
2.5.2 ii) Mutagenic Effectiveness and Efficiency : 
Mutagenic effectiveness is a measure of the frequency of mutations 
induced by unit dose of a mutagen (time x concentration) while mutagenic 
efficiency represents the proportions of mutations in relation to biological 
damage. 
The formula suggested by Konzak et al.(1965) were used to evaluate 
mutagenic effectiveness and efficiency of the mutagens. 
a) (i) Mutagenic effectiveness (in case of physical mutagen) 
= Percentage of mutated plant progenies (Mp)/KR 
(ii) Mutagenic effectiveness (incase of chemical mutagen) 
= Percentage of mutated plant progenies (Mp)/Conc. of mutagen x 
duration of treatment in hrs. 
(iii) Mutagenic effectiveness (in combined treatment) 
= Percentage of mutated plant progenies (Mp)/KR X time x 
concentration 
b) Mutagenic efficiency = % of Mutated plant progenies (Mp)/*Biological 
damage in M, Generation 
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•Biological damage : For measuring the biological damage two different 
criteria were used. 
(i) Injury : Percentage seedling germination reduction (Mp/I) 
(ii) Sterility : Percentage reduction in pollen fertility (Mp/S). 
2.5.3 : Studies on different morphological traits : 
For morphological studies the parameters were similar to M, Generation. 
These include height, No. of leaves, leaflet size L/B ratio, number of branches, 
No. of pods per plant. No. of seeds per plant, wt. of seeds per plant and weight 
of 100 seeds (gms.) 
2.6 M3 GENERATION : 
M, generation was raised from the seeds obtained from treated 
populations of M, generation. Different mutants were also selected in M, 
generation and studied separately. The characters studied in M, generation were 
same as in M, generation. 
2.7 STATISTICAL ANALYSIS: 
The data recorded on different characters relating to each of the different 
treatments have been subjected to statistical analysis with a view to find the 
individual and comparative effects of different mutagens. 
2.7.1 : Mean (X) : 
The mean was computed by taking the sum of a number of observations 
and dividing it by the total number of observations recorded. Therefore, 
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X = (X, + X, X„)/N 
orX = SX/N 
where ,X,, X, X = observations 
' I ' 2 n 
N = Total number of observations recorded. 
2.7.2 : Standard Deviation (SD, a ) : 
Standard deviation is the positive square root of the average of sum of 
squares of deviations of all observations from their means. It is calculated by 
the following formula : 
SD or (T =/(X,X)'+ (X, - X)= (X„-X)^/N 
X = Mean of observations involved 
XI Xn = observations, 
N = No. of observations, 
2.7.3 : Coefficient of Variations (CV) : 
It measures the relative magnitude of variations present in observations 
relative to the magnitude of their arithmatic mean. It is defined as the "Rate of 
standard deviation to arithmatic mean expressed as a percentage". 
CV = SD/X X 100 
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2.7.4 :Critical Difference (CD.) : 
The critical difference was applied and computed as follows : 
Step I : According to treatment given, construction of data table for treatments 
and 3 replicates. 
The data were compiled in such a way that each treatment occupies a 
row & their replicates were arranged in columns, e.g. taken from y rays. 
f 
Rows 
(Treatments) 
T, 
T. 
T, 
T4 
T, 
T. 
I 
Column (Replicates) 
R, R, R3 
A, 
B, 
c, 
D, 
E, 
F, 
^ 
B, 
C, 
D. 
E, 
F, 
^ 
B, 
C, 
D, 
E3 
F, 
Total of Rows 
(Treatments) 
A,+A2+A,= Xr, 
B,+B,+B3= Xr, 
C,+C,+C3= Xr, 
D,+D,+D3= Xr, 
E,+E,+E,- Xr, 
F,+F,+F,= Xr, 
Totalof A,+ -- + F,-XC,;A^+ -- + ?,= XC^ ; A, +--+F3 = XC3 = Grand total (G) 
Step 2 : Correction Factor (C.F.) 
C.F.= (Grand total)'/T.R 
C.F. = (G)'7T.R 
where, T = Number of treatments 
R = Number of Replicates 
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Step 3 : Total sum of squares (SSQT): This is the sum of squares of all the observations 
minus correction factor. 
SSQT = [(A,)2 + (B,)'+ - - - - + {Y^f] - CF 
Step 4 : Sum of squares of Replicates (SSQR): 
SSQR = (XC,)= + ( X C / + (XC3)' - C F 
T 
where T = Number of treatments 
Step 5 : Sum of squares of treatments (SSQt) 
SSQt = (X ,)= + (X J=+ - - - - + (XJ/R - CF. 
where, R = Number of replicates 
Step 6 : Sum of squares of Error (SSQE): 
SSQE = SSQT - (SSQR + SSQt) 
Step 7 : Construction of ANOVA table 
Source Degree S S. 
of variation of freedom (n-1) 
M.S. F value 
Replicate C-1 SSQR SSQR/C-1=A A/C 
Treatment r-1 SSQt SSQt/r-]=B B/C 
Error (c-1) (r-1) SSQE SSQE/(C-l)(r-l) = C C/C 
Step 8 : Estimated variance of error (MSE) 
MSE = SSQE/(d)(r-l) 
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Step 9 : Critical difference based on ordinary t test 
CD at 5% level = /2MSE/R x (t value at 5% level) 
CD at 1% level =v/2MSE/R x (t value at 1% level) 
If the difference between any two sample means exceeds the CD values 
obtained at 5% and/or 1% level, the difference between the two means is said 
to be significant at 5% and/or 1% level respectively. 
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CHAPTER - III 
REVIEW OF LITERATURE 
The idea of inducing mutations and utilization of these artificially induced 
mutations for improving cultivated plants is not more than eight decades old. 
The occurrence of sudden and heritable changes in the races was first suggested 
by Hugo de Vries (1901) on Oenothera lamarckiana. He proposed the use of 
radiation for the induction of mutations. First successful use of x rays was 
made by Muller (1927) for the discovery of induced mutability and its 
frequency in Drosophila. Later, the successes were achieved by Stadler (1929) 
in barley and Goodspeed (1929) in Datura and Nicotiana. 
Mutation plays a great role in the evolution of plants and formation of 
species. The role of mutations in evolution was emphasized by Baur (1924), 
Stubb and Wettstein (1941). Substitution and chromosomal reconstruction 
clearly demonstrated by Sears (1956) is now a valuable tool in planned plant 
genetics and breeding. 
Another milestone in the history of induced mutations is the discovery 
of chemical mutagens during the world war II. So the use of chemical mutagens 
is recent in origin and they have been used extensively only during the last two 
decades in India and other countries of the world. Although the chemical 
mutagenesis for the first time was tried by Schiemann (1912) on Aspergillus 
niger, but the first successful attempt was done by Auerbach and Robson (1942) 
by using mustard gas. 
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A great deal of work has been done in Viciafaba L., an economic plant, 
used as food and fodder. Due to its annual habit and large size of chromosomes 
this has been an ideal choice of geneticists and breeders and has received 
considerable attention for its improvement by many workers. 
The mutagenic action of various physical and chemical mutagens has 
been extensively studied in this plant at two levels: 
1. Morphological 
2. Cytological/Cytogenetical 
Morphological Studies : Mutagenic treatments have been reported to affect 
germination, plant height, yield and chlorophyll content. 
According to Badaretal. (1986), the numberof pods per plant and seeds 
per pod in V. faha were considerably reduced by ametryn treatment, but mean 
j seed dry weight was only slightly affected|Ashour and Abdou (1990) reported 
1 that the three herbicides i.e. Igran, Topogard and Eptam reduced the seed 
i germination, seedling growth and mitotic activity but increased the percentage 
; of aberrant cells in V. faha. In another report two fungicides (Dithane M45 
i and saprol), two insecticides (Rogor and Pirimor), two acaricides (Tedifol and 
i 
I Comite) and two herbicides (Lancer and Cobex) increased the total yield of 
. green pods and dry seeds. Only lancer proved to be toxic to broad bean plants 
1 as it caused a reduction in the number of branches and plant productivity of 
Ween pods and dry seeds. (El Sayed et al., 1996). 
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Cytological/Cytogenetical Effects : Since most of the mutagens exert their 
effect at cellular level the cytogenetic analysis has become one of the most 
important assays to evaluate mutagenicity of mutagens. A considerable number 
of physical and chemical mutagens have been employed to assess their 
1 mutagenicity and cytogenetic assays in V.faha 
Physical Mutagens : Several types of ionizing radiations viz. X rays, gamma 
rays, protons, fast and thermal neutrons, alpha and beta particles have been 
shown to have mutagenic properties (IAEA, 1970). The only non ionizing type 
of radiation carrying mutagenic potential is ultraviolet radiation (IAEA. 1970). 
Out of these radiations gamma rays are considered more suitable for induction 
of mutations in plants because they have a shorter wave length (10-''' to 10-'" 
meter) and therefore, possess more energy per photon and more penetrating 
power. Gamma rays are produced by radio active decay of certain elements 
e.g. radium, '^C, **^Co and caesium. *''Co is the common source of gamma rays 
used for biological studies, causing different types of morphological & 
cytological aberrations in plants and animals. 
Filippetti and Pace (1986) reported chlorophyll mutants, reduction in 
/germination, survival and fertility, dwarfism, modified leaf shape and size in 
/ V. faba by gamma rays and EMS j Morphological abnormalities were also 
observed by Kash (1988) by gamma rays and acriflavine and Kumar et al. (1993) 
' by single and combined effect of gamma rays & DES in Viciafaba. The solution 
, of gamma isomer reduced the mitotic index and induced a high percentage of 
, abnormal mitotic and meiotic divisions in V.faha (Amer & Mikhael, 1988). 
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Certain chromosomal aberrations such as breakage and 
diplochromatization were more frequent at higher doses of gamma rays while 
others such as lagging and stickiness were more frequent at lower doses in 
Vicia faha (Banerji and Chatterjee, 1988)) Moreover, micronuclei were 
observed by low doses of gamma irradiation (Kuglik et al., 1990). Irradiation 
with gamma rays caused a decrease in the relative quantity of DNA throughout 
all the phases of cell cycle (Sparchez et al., 1992). 
In chrysanthemum corivatum root tips, chromosome aberrations were 
found to increase with increase in the doses of gamma rays. (Verma and Chandel. 
1994). On the other hand gamma irradiation has been reported to induce 
resistance to rust caused by Uromyces fahae (U. Viciae fabae) in Vicia faba. 
The percentage of resistant plants was low initially but increased gradually in 
successive generations (Abada, 1995). 
Some of the common meiotic abnormalities like stickiness, clumping, 
bridges, laggards, univalents, multivalents and micronuclei in the plants other 
than Vicia faha i.e. wheat, triticale and r>'e (Singh and Khanna, 1988), 
Trigonella (Mishra and Raghuvanshi, 1989). Mgtia radiata (Ignacimuthu and 
Sakthivel, 1989), urd and mung beans (Ignacimuthu and Babu, 1989), and chick 
pea (Ahmad, 1993) etc. have been reported by gamma irradiation. 
Combination of Physical and Chemical Mutagens : 
The combination treatments of various mutagenic agents, if their 
mutation induction process is independent and capable of interaction, should 
increase the mutation frequency and alter the mutation spectrum. 
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There are several reports showing varying results in terms of additive 
or synergistic effects. The combination treatments of various physical plus 
chemical or chemical plus chemical were shown to be additive in a wide range 
of genera such as calharanthus (Venkateswarlu, 1985), Cajanus (Bose and 
Bandyopadhyay 1977; RaoandReddy, 1985), 5o/aA7Mw(Sathyanarayana, 1984), 
Sorghum (Reddy 1977; Reddy & Smith, 1979), Pennisetum (Jha and Sinha, 
1977), Viciafaba (Shah et al., 1972) and black gram (Bhamburkar and Bhalla, 
1985). 
However, in Sorghum a reduced mutation frequency was reported with 
combination treatments of hydrazine, EMS and gamma rays by Reddy and Smith 
(1981). Negative synergism was also recorded in Phaseolus with regard to 
mitotic irregularities by Bandyopadhyay and Bose (1983). Jayabalan & Rao 
(1988) and Kumar & Dubey (1996) reported that the combination of physical 
and chemical mutagens induce higher sterility than the individual application 
of these mutagens in tomato and khesari dal respectively. 
Chemical Mutagens : Besides radiations, the chemicals such as mustard 
gas, ethyl urethane, alkylating agents, sodium azide. aniline, caffeine, base 
analogues, dyes etc are also being used for the induction of mutations. Different 
biocides like herbicides, pesticides, weedicides and insecticides used 
frequently for crop protection have been reported to induce different types of 
mutations in plants and animals. 
Alkylating Agents : Mutagenic agents carry one, two or more alkyl groups in 
a reactive form. These are called mono, bi, or poly functional alkylating agents 
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such as EMS, MMS. DES. and DMS. 
EMS and DES adversely affected the germination, seedling growth, 
pollen fertility, branching, number of leaves, pods and seeds per plant in V. 
faha (Vandana & Dubey, 1988). Vandana (1991, 1992) observed chlorophyll 
and sterile mutants and the mutations affecting days to flowering, size, colour 
and number of flowers/node; shape & size of cotyledonary leaves; plant height, 
branching and texture of plant surface in Vicia faha. According to her DES 
induced much higher frequencies of chlorophyll and sterile mutants than those 
of EMS. In other case EMS has been reported to induce dwarfism in V. faba 
(Filippetti, 1988). 
Besides the morphological mutations, the alkylating agents induce 
different types of mitotic and meiotic anomalies, as reported in lentil (Dixit 
and Dubey, 1986). EMS and DES induced chromosomal fragmentation, non 
orientation, stickiness, bridges, laggards and micronuclei in Vicia faba. 
(Vandana, 1993; Vandana etal. 1996). 
Mitomycin C, maleic hydrazide, hydroxy urea and 8-ethoxy caffeine 
induce chromosomal aberrations in V. faba (Anderson & Kihlman. 1987). 
Akhund and Kuliev (1990) and Popa and Zakrzhevskaya (1991) reported that 
different chemical mutagens and pesticides induce high frequency of 
phenotypical changes and disturbances in meiosis. According to Kumari & 
Sinha (1996) the physical and physio chemical mutagens disturbed the meiotic 
behaviour of faba bean. 
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Various chromosomal/cytological abnormalities have been reported with 
a number of chemicals in V.faba i.e. industrial solvents (Gomez Arroyo et al., 
1986), gengsengmycin & adriamycin (Tiefu, et al., 1991, a,b), mixture of 
chromium & detergents (Villalobos - Pietrini et al., 1993), combined treatment 
of sodium selenite and methyl parathion (Shanthi and Usharani, 1993), 
benzamide (Yang Qiwei. 1994) and maleic hydrazide (De Marco et al., 1995). 
Sodium Azide : NaN3 : 
Azide, a well known respiration, catalase and peroxide inhibitor is shown 
to be a potent chemical mutagen in both higher and lower organisms (Nilan et 
al., 1973). The potentially high mutagenisity of azide was first disclosed by 
Spence (1965) while studying the repair mechanisms of radiation induced 
damage in barley seeds. Sideris et al. (1969,1973) established that the key to 
the high mutagenic action of azide lies in the hydrogen ion concentration of 
the treatment solution. They (1973) have reported a considerable synergistic 
increase in the frequency of cells carrying chromosome aberrations in barley 
irradiated with y-rays and then treated with sodium azide solution. Sodium azide 
does not possess radiomimetic activity but has shown synergistic effect with 
radiations. 
High mutational yield of azide was reported in rice by Sarma et al. (1979) 
and Hasegawa and Inone (1980). Chlorophyll mutation in rice was reported by 
Reddi and Rao (1988) using single and combined treatment of gamma rays and 
sodium azide. They (1988) studied the relative efficiency of these physical 
and chemical mutagens and found that sodium azide is more efficient than 
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gamma rays alone or in combination. 
Reddi et al. (1993) studied the mutagenic efficiency of SA, DES, gamma 
rays and their combinations on Helianthus annuus L. and reported that in all 
the treatments the mutagens reduced the germination, seedling length & pollen 
fertility, which showed the progressive reduction with increasing dose of 
mutagens. The high potency of this mutagen, therefore, seems to offer great 
promise in mutation breeding programmes. 
CafTeine : (1,3,7-tri methyl Xanthine; C, H„ N^O )^ 
Most of the population of the world is exposed to caffeine to a greater 
or lesser extent since it occurs in a number of plants used in the preparation of 
drinks and has, in addition, a limited therapeutic property. The ability of caffeine 
to potentiate the lethal mutagenic and chromosome breaking effects has 
attracted particular attention during the recent years. 
The mutagenic effect of caffeine was detected by Fries and Kihlman 
(1948) on Ophiostoma mulliannulalum. The chromosome breaking effect of 
caffeine was demonstrated in plants by Kihlman and Levan (1949). Demerec 
et al. (1979) established the mutagenic activity of caffeine in bacteria and 
fungi. Later, Kihlman (1961, 1966) reported that subchromatid and chromatid 
exchange types of aberrations predominate in the case of caffeine treatment. 
According to Ostertag et al. (1965) caffeine-induced breakage is realized only 
during DNA synthesis. 
Caffeine exhibits two distinct actions with regard to cell viability. In 
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some systems it is itself lethal usually at relatively high concentrations while 
in others it is synergistic and less commonly antagonistic with other killing 
agents. The effects in combination with other agents may in some cases be 
caused by caffeine inhibition of repair process. 
According to Kihlman et al. (1973) caffeine increases the chromosomal 
aberrations induced by a variety of mono - and poly functional alkylaling agents 
in Viciafaha. They demonstrated that caffeine inhibits post replication repair 
of DNA damage, potentiates chromosome damage and reproductive death. 
Vogel and Friebe (1989) gave an additional treatment with caffeine during 
first cell cycle of lateral roots of Vicia faba, with 5-bromo-deoxyuridine 
(Brdu) followed by another cell cycle in the presence of thymidine. They found 
that Quinacrin mustard or UV lights, in between Brdu and thymidine treatments, 
reduces the number of sister chromatid exchange (SCE) aberrations, where as 
caffeine during second cell cycle (post treatment) increased the frequency of 
the exchange aberrations. 
Swietlinska and Zuk (1974) found that maleic hydrazide (MH), 
deoxybutane (DEB), N-ethyl N nitrosourea (ENU) and methyl methane 
sulphonate (MMS) were more sensitive to caffeine during their first passage 
through S phase. Induction of aberrations by MMS and ENU were highly 
potentiated by caffeine post treatment in V. faba. 
Anis and Wani (1997) reported that caffeine induces different 
chromosomal aberrations such as precocious movement, stickiness, laggards. 
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non disjunction, bridge, unequal segregation etc. resulting into visible 
morphological variations in Fenugreek. 
Aniline : (Plienylamine, Aminobenzene, C^H^NHj) 
Aniline was first obtained in 1826 by Unverdorven from dry distillation 
of indigo, he named the product krystallin, Runge found it in coal tar in 1834, 
and called it as kyanol, Fritzsche, in 1841 prepared it from indigo and potash 
and gave it the name aniline (Encyc. Chem. Tech.). It is the toxic chemical 
used for preparing dyes and dye intermediates. A direct attachment of these 
dyes to nucleic acids perhaps causes mutations. The molecular mechanism of 
their action is not fully understood. These dyes stack along nucleic acids which 
apparently attach to phosphate back bone. These dyes induce only deletions 
and insertions of single base pair in DNA. Deletions and additions of base 
pairs cause shift in the frame work (frame shift mutation) in which the changed 
nucleotide sequences are read by protein synthesizing machinary of the cell. 
It leads to the synthesis of different types of proteins and causes mutations. 
Biocides : 
Biocides are highly potent chemicals that enter our food chain and then 
begin to increase in their concentration at successive trophic levels at the food 
chain. Different types of biocides like pesticides, insecticides, herbicides, 
fungicides etc. are used by farmers to kill different pathogens and disease 
causing agents. These biocides also tend to have mutagenic effect on different 
crop plants and induce different cytological aberrations. 
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Some of the biocides which have been reported to cause chromosomal 
abnormalities on root tip cells and pollen mother cells of Viciafaha are : O-
isopropyl-N-Phenyl carbamate (IPC) and Duphar (Amer and Farah, 1973), 
Methamidophos (Amer and Farah, 1984), Tribunil (Mansour, 1984), 
Dichlorovos (Amer and Ali, 1986), Rotenone (Amer and Mikhael (1986), S-
triazine turbutryn (Badr, 1986), Glean (Badr and Ibrahim, 1987), 
Cynkomiedzian, cynkotox and miedzian (Osiecka, 1987), Cypermethrin (Amer 
et al., 1987), synthetic pyrethroid cypermethrin (Amer et al., 1987), 
Dichlorovos (Amer and Ali, 1988), Igran and Topograd (El-Zoka and Mohamed, 
1989), Malathion and Tamaron (Zakia et al., 1990), Butachlor, Benthiocarb 
and Fluchloralin (Jha et al., 1996), and Temik 15G (Decarb) (Ghareeb and 
George, 1997). 
Miscellaneous : 
Besides all these, several other miscellaneous substances were also used 
by several workers to induce cytological abnormalities in Viciafaha. 
Reports of stickiness, fragments and despiralization of chromosomes 
by the use of SO, (Soheir et al., 1989), by magnesium sulphate and endosulphan 
(Thiodan) (Abraham and Nair, 1989; Samad et al., 1992) are also available. 
According to Gowrishankar et al., (1993) whisky decreases mitotic frequency 
& increases mitotic anomalies in Viciafaha. 
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CHAPTER - IV 
OBSERVATIONS 
The effect of mutagens on seed germination, seedling growth , 
morphological characters, meiotic behaviour and frequency of variations in 
M, and mutations in M, and M, generations have been studied. For the 
identification of mutations the plants raised from treated seeds were compared 
with the control (untreated) plants throughout their development and the plants 
on the basis of apparent variations and chromosomal studies were scored as 
mutants. To assess the comparative effects of different mutagenic agents, the 
frequency of morphological mutations and meiotic chromosomal abnormalities 
were analysed statistically. 
4.1 OBSERVATIONS IN M, GENERATION 
4.1.1 : SEED GERMINATION : 
Seed germination was counted from 6th to 30th day after sowing till the 
maximum germination in control as well as in treated seeds was attained. On 
30th day the maximum germination was observed to be 93.33% in control, 
while in treated populations it ranged between 88.00-42.66tin 5-40 KR gamma 
rays; 82.66-10.66% in 5KR + 0.25% - 40 KR + 0.25% y + SA; 84.00 - 26.66% 
in 5KR + 0.25% - 40KR + 2.00% y + caffeine; 85.33-46.66% in 0.50-1.50% 
SA and 86.66-49.33% in 0.50-2.00% aniline (Tables 1-5; Graph l-a,b; Graph 
2-a,b,c). It showed that percentage of seed germination gradually decreased 
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with increasing doses/concentrations in gamma rays; SA and aniline, while in 
\0 KR + 0.25% and 20 KR + 0.25% y + SA and in lOKR + 0.25%, 20KR + 
0.25% and 30KR + 0.25% y + caffeine combinations it increased as compared 
to their previous lower concentrations. Comparatively the germination was 
highest in gamma rays followed by aniline, SA, y + caffeine and y + SA (Tables 
1 -5). No germination was observed in 40KR + 1.00% and 40KR + 2.00% y + 
SA , 1.75% and 2.00% SA concentrations (Tables 2,4). 
The range of percentage inhibition in germination was 5.71-54.29% in 
5-40KR gamma rays; 11.43-88.57% in 5KR + 0.25% - 40KR + 0.25% y + SA; 
9.99-71.43% in 5KR + 0.25% - 40KR + 2.00% y + caffeine; 8.57 - 50.00% in 
0.50 - 1.50% SA and 7.14 - 47.14% in 0.50 - 2.00% aniline (Tables 1-5). It 
increased from lower doses/concentrations to higher doses/concentrations. 
In general, the germination started on 10th day after sowing in control 
and in lower concentrations of the treated populations. However, it delayed in 
higher concentrations of all the mutagens by 0-3 days in y rays; 0-8 days in y + 
SA; 0-6 days in y + caffeine; 0-4 days in SA and 0-3 days in aniline, y + SA 
showed more severe effect, followed by y + caffeine; SA; aniline and gamma 
rays (Tables 1-5). 
4.1.2 : FREQUENCY OF MORPHOLOGICAL VARIATIONS : 
The frequency of morphological variations was found to increase with 
increasing concentrations of mutagens. It ranged between 16.00-48.00% in 5-
40KR gamma rays; 17.73-48.26% in 0.50-1.50% SA and 16.80-50.66% in 0.50-
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2.00% aniline (Tables-1,4,5; Graph 2 -d,e,f) In combined treatments, it 
increased from 20.00 to 57.33% in 5KR + 0.25% to 40KR + 0.25% y + SA 
and 18.66 to 52.00% in 5KR + 0.25% to 40KR + 2.00% y + caffeine, but in 
lOKR + 0.25% and 20 KR + 0.25% y + SA and in lOKR + 0.25%, 20KR + 
0.25% and 30KR + 0.25% y + caffeine, the frequency of morphological 
variation was lower than their previous lower concentrations. (Tables 2 & 3; 
Graph l-c,d). The combined action of gamma rays and low concentrations of 
chemical mutagens were generally less effective, causing lower variations in 
M, generation. 
4.1.3 : POLLEN FERTILITY : 
Pollen character is one of the important stable and genetically controlled 
characters, which may be considered for preparing an index to assess the effect 
of any internal or external change in plants. 
The average pollen fertility was 85.60% in control, whereas it decreased 
from 81.33 to 60.26% in 5-40 KR gamma rays; 80.26 to 51.60% in 5KR + 
0.25%-40KR + 0.25% y + SA; 80.53 to 69.86% in 5KR + 0.25%-40KR -
2.00% y + caffeine; 81.06 to 74.66% in 0.50 - 1.50% SA and 80.80 to 73.60% 
in 0.50 - 2.00% aniline (Tables 1-5; Graph l-e,f; Graph 2-g,h,i). Moreover, in 
the case of 10 & 20KR y rays + 0.25% SA and 10,20 & 30KR y rays + 0.25% 
caffeine the pollen fertility showed the same trend as observed in seed 
germination (Tables 1-5). 
Simultaneously 14.40% pollen sterility was observed in control and there 
34 
e 
s 
B 
o 
s 
> 
c 
3 
© 
• ^ 
n 
e i 
u 
0) 
s 0> 
o 
~ s 
a s 
CL 
C S^ 
• 5 
a. 
« 4 -0 
>, u 
c 4> 3 
cr 
«> c u. 
•p 
8 
c 
>-. 
(0 
Q 
0 ^ 
C/3 
c 0 
C JO 
> 
^^^ 
u> 
>> CO 
;2, i 
•*-• 
ra c 
c 
60 
c 0 
4-1 
JB 
^ 
c 
<o 
so 2 
a u Q. 
^ " V 
0 ^ 
• " ^ 
c 
0 
•S 
<0 
c 
a> 
0 
c 
s 
CQ 
C 
wi 
I 
00 
0 
•* 
0 
r-
t~-
00 
rx| 
0 
— 
T f 
vO 
rr 
— 
0 
vO 
<> 
rvi 
0 
00 00 
00 
0 
00 0 
0 
0 
0 
0 
0 
0 
vO 
ro 
m 
<N 
0^ 
0 
0 
00 
o — 
— Tt •/-, 
r~- — 00 
w"^  r - f N 
00 
rsi 
m 
r^ 
0^ 
0 
0 
00 
00 
ro 
m 
vO 
0 
0 
c 
o (J 
^ a: o«: oi 
p^ i<: i<: i^ 
i>t o o o 
>0 — f N <^ 
o 
e 
E 
u 
H 
< 
in 
+ 
I 1^  
t i V — 
(90 ri 
S ^ 
%^ 
'± S 
o a. 
u 
u. 
s 
o 
D. 
o 
0. 
• o 
e 
R 
VI 
C 
o 
e« 
u 
ec 
> 
u 
B 
3 
o 
© «8 
U C 
C O 
V — 
§• = 
c/) 
CO 
\fi 2 
c re 
- c 
>^  E 
— E 
c 
o 
•«-> 
f 
c 
u !30 
2 
a> 
«> o. 
.^^  
^ 
o^ 
^ • • ^ 
c 
o 
•^rf 
re c 
P 
(i> 
O 
c 
NO 
1*1 
r~ o 
00 — 
^ — «N — o o « o r o — — 
_ _ _ _ _ . — -M — ro 
o 
00 
o 
00 
o 
o 
00 
so 
vO 
00 
o 
o^ 
r-
vO \o 
o o o m 00 — 
vo o 
vO 
rs — — 
t-~ r- </-) 
o 
o 
o 
o 
o 
vO 
O O vO •«a-
o 
vO 
vO 
o 
O 
o 
vO 
vO 
o 
'a-
C I vO 
o 
rsi vO vO 
__ 
• ^ 
r~ 
r^  
I/-) 
0 0 
0 0 
•^ 
m 
a 
• * vO 
0 0 
o 
o 
o 
VO 
O 
o-
vO 
00 
00 
re 
c 
O 
T3 
3^ (^  
c 
o U 
"? 
o^ ^ p ^ 
r^ 
O 
• ^ ^ 
c 
o 
U 
o^ 
VO 
00 
o 
+ 
o£ 
:^  </-i 
r<^  
r-
O 
O 
+ 
Q£ 
:^  >o 
r^ 
m 
cr 
vO 
O 
o f N 
+ 
0 ^ 
:^  >o 
o 
o 
r~ 
Vl 
<N 
O 
+ 
fiC 
:^  
o 
— 
•o 
vO 
vO 
^ 
o 
o 
"" 
+ 
a: 
u: 
o 
— 
o^ 
vO 
00 
1 / - , 
o 
o 
rsl 
+ 
a: 
ij£. 
o 
— 
o 
o 
vO 
^ t 
r g 
o 
+ 
OC 
iJi 
o f N 
O 
O 
vO 
</") 
^ 
o^ o 
o 
"" 
+ 
oc 
^ 
o 
rs 
ro 
• ^ 
^ o^ 
o 
o 
rsl 
+ 
QC 
u: 
o 
<N 
o 
o 
00 
• ^ 
• T i 
<N 
O 
+ 
a: 
^ 
o 
ro 
ro 
ro 
o 
o 
"^ 
+ 
CC 
UL 
o 
ro 
O 
O 
00 
( N 
o 
o 
( N 
+ 
oc 
1 ^ 
o 
r^ 
vO 
vO 
O 
"" 
>r~i 
<N 
o 
+ 
a: 
^ 
o T 
1 
O 
o 
"^  
+ 
oi 
:^  
o Tj-
1 
^ O^ 
O 
O 
rM 
+ 
K 
U 
o 
• < * • 
s 
• M l 
U 
+ 
s 
e 
"© 
Ou 
s 
e 
o 
> 
e 
3 e 
O 
e 
o 
•• 
'41' 
A 
S 
i 
C4 
Vi 
•*m 
s 
a> 
S 
O H 
c 
o 
3 
"S £ a> i« 
ri r (U 
u 
a> 
a. 
^^ 
>. 
4^ 
ts 
e 
<u 
u. 
c 
• ' 
O 
a. 
u. > 
y 8 (/}
c 
(U 
>> 
CO 
-o • ^ 1 ^ 
c 
o 
• • - « 
ca 
1 
a> Q O 
1 ^ 
11 
c 
o 
S I ^ 
o 
C/l 
I 
O — 
— o 
•o 
(N 'if 
(^  
m 
o 
00 Tf 
1^ 
v^  
o 
vO 
oo 
O 
00 o 00 
OO 
o 
oo 
00 
c 
00 
o 
•>* 
so 
o 
00 
p-
vO 
00 
vO 
00 
1 ^ — o 
00 
o 
vO 
o «^  
>v W> 
t> c 
« o 
rr 2 
£ .« 
o 
o 
o 
vO 
so 
00 
O 
r^ j 
O 
o 
vO 
o 
u 
o 
o 
00 
vO f^ 
O m 
m 
O 
vO 
r»^  
vO 
CO 
O 
SO 
00 
vO 
vO 
vO 
m 
o 
o 
o r-4 
o — ( N <N C^ CO vO 
OS 
o-
r^ 
• ^ 
, 
vO 
OO 
r-
W-l 
OS vO 
00 
<-v| 
CO 
o 
o 
o 
ro 
O^  
o> 
o-
ro 
l»-
•/-, 
• ^ 
00 
o 
o 
o vO 00 
r-
r-
ro 
OS 
o 
o 
00 
vO 
so 
r^  
00 
o 
o 
vO 
vO 
so 
00 
V-1 
<N 
O 
o 
o — 
+ + 
^ oi tt: 
V j «ri <ri 
<N 
O 
4-
o 
o 
o 
+ 
a: 
so 
so 
o 
o 
o 
+ 
o 
sO 
so 
SO 
o 
o 
so 
o 
o 
so 
sO 
sO 
O 
m 
m 
so 
SO 
m so 
O 
o 
o 
o 
o 
o 
«N O 
+ + 
o o 
+ 
OC 
o 
+ 
o 
o — 
+ + 
o o 
so 
SO 
O 
o 
o 
+ 
o 
ro 
so 
so 
OO 
o 
+ 
OS 
o 
o 
o 
ro 
sO 
sO 
sO 
O 
O 
O 
o 
+ + 
:^  u 
o o 
C 
E 
C/3 
u 
u. 
s 
o 
0. 
•o 
s 
Vi 
e 
o 
> 
u 
s 
a> 
3 
O" 
o 
s *^ 
o es 
•— u 
« ** 
. : « SO 
§ 
-it 
u ^ 
so .p 
c 
u 
a> 
a. 
o ^^ 
>, u 
s 
o 
O" 
a> 
u. 
Ul 
c 
o 
4 - t 
CQ 
b. 
- f 
u. > 
•o 
(U 
^ • • 
JO 
(U 
>^  R 
-o 
c 
o 
* - i 
n 
c 
(O 
Q O 
c 
o 
^ 3 
JZ 
c 
<u 
ao 
s 
(U 
u 
u 
.^^  
c 
o 
2 CQ 
s 
CL S 
c o 
(/) 
o 
c 
o m — 00 
o o 
</-, — o 
00 OO 00 
ON 
•>4-
o 
o 
o r~ 
O 
O 
ro 
</-) 
d 
vO 
00 
OO 
O — 
OO 
o 
O d m 
W1 
00 
rg 
• * 
O 
o 
d 
m \0 
m vO 
00 r~ 
o 
o 
vO 
vO 
s o 
CJ 
6^ 
O 
•/^ 
d 
•o 
r^ 
d 
o 
o 
^ 
•rt 
fS 
—i 
o 
<ri 
-«' 
Tt 
r~ 
-^ 
O 
o 
<N 
•¥» 
c 
s 
C3 
e 
e 
c o 
12 
S J. 
so s 
2 ^ S ^ 
w c 
U 
Q. 
• 5 
a. 
o 
o — 
ro — — 
ov r>- o 
U. 
fi 
<u 
" o 
•o 
e 
e 
o 
• • ^ 
> 
s 
3 
O" 
U. ^ 
e 
^ o 
o -
e s 
. . . V 
S O 
L. 
0* 
OS 
0 
>^  0 
C 
u 3 
O" 
V 
iZ 
U . 
w 
u» 
2 
0 
2 
u-
^ > 
1, 
4> 
c 
>> CO 
<u Q 
>^  
«9 
3 
C 0 
• 5 CQ 
C 
? 
s u lU 
0 
0 
0 0 
0 
00 
0 
00 
0 
0 -
0 0 
r-
vO 
00 
0 
0 
0 
0 
0 
0 
00 
vO 
\ 0 
0 
(N 
0 
vO 
CO 
1 0 
so 
0 0 
Tf 
0 0 
vO 
vO 
0 
C 
0 
*^  
^ 
^ c 
l U 
so R] 
4 - * 
c a> B 
<u Q L 
. -•- fc. 
0 ^ 
'**' 
c 0 
4 - * 
CO 
c 
^ 
9> 
0 
c 
c o 
O ^ 
o — — fN rsl ro r^ 
• * 
r~-
0 0 
T f 
0 
0 
0 
• * 
«~~ 
>/-i 
m 
0 0 
• < 1 -
1 -
00 
s 
vO 
VO 
00 
0 
0 
0 
00 
vO 
vO 
0 
0 
0 0 
VO 
0 
0 
0 
VO 
0 
0 
O N 
i 
u 
0 ^ 
0 
< r i 
0 
0 ^ 
«o 
r~ 
0 
0 ^ 
0 
0 
—. 
0 ^ 
• 0 
« N 
— 
0 ^ 
0 
<r> 
— 
0 ^ 
<n 
f - -
—. 
0 
0 
< N 
1 
<i 1 
5 u & 
^ r: ^  w 
C C -. -
1 1 1- r 1 i t •= 1 1 1 1 
fc t -5 -s 
OC M ' -
^ -2 M (J5 J5 i £ 
1 
b 
+ + 
>, >^ 
X £ 
.$• i ' 
1 1 & <£ 
e s 
1 = i i UMU 
•/.oor+MNw 
%001+MNOI-
%SI"0+MMOr 
%001+MMOf 
%001+MMOC 
^ 
%sro+MMOf — 
%00-z-t-moz 
%00-i+axoz 
%sro+ir«foj 
%00'Z+HMOl 
•/.OO'I+MMOI 
%sro+MNoi 
•/.OOT+MMS 
•/.OOI+MMS 
•ASr»+HNS 
ino j 
C/3 
z 
o 
< 
z 
u 
u 
z 
o 
(%) S M a i J V M V H 3 
I I I 
.5 
•I 
.a 
X ^ 
o ^ I 
1 
o 
It 
>. >. !• ^ £• 
Hit! 
iiiii 
+ H1HH 
ml 
# 
^ 
# 
s 
«. 
X 
ae 
e 
i») 
C« 
Z 
'o 
< 
tf 
I 
a. 
< 
I 
OS 
. ^ 
il 
? -5 
I 
6 a 
Z 
u 
U 
z 
o 
u 
W5 
o 
S 8 S S ? S 8 ? 
(%) SaaXDVMVHD 
.5 
I. 
I 
I 
I 
was a dose dependent propotionate increase in pollen sterility, with increasing 
concentrations of the mutagens. The highest percentage of reduction in pollen 
fertility was recorded in y + SA followed by y + caffeine, gamma rays, aniline 
and SA respectively (Tables 1-5). 
4.1.4 : HEIGHT OF MATURE PLANTS : 
The maximum average height of plants was observed in control as 35.67 
cms. In treated populations it decreased from 30.03 to 20.67 cms. in 5-40KR 
gamma rays; 26.64 to 16.21 cms. in 5KR + 0.25% - 40KR + 0.25% y + SA; 
28.58 to 17.46 cms. in 5KR + 0.25% - 40KR + 2.00% y + caffeine; 29.88 to 
22.78 cms in 0.50-1.50% SA and 31.20 to 21.85 cms. in 0.50 - 2.00% aniline 
(Tables 6-10; Graph 3-a,b; Graph 4-a,b,c). In all these mutagens the average 
height decreased with increasing concentrations except in y + SA and y + 
caffeine wherein, it showed the same trend as in the case of seed germination, 
that is. the average height increased in 10. and 20KR gamma rays + 0.25% SA 
and 10, 20 and 30KR gamma rays + 0.25% caffeine respectively (Tables 7.8). 
All the mutagenic treatments caused a reduction in height, the reduction was 
more pronounced in y + SA treated population, than in those treated with other 
mutagens. 
The decrease in average height of plants was significant at 5% level in 
20 and 30KR gamma rays; 5KR + 2.00% to 20KR + 1.00% y + SA; 5KR + 
2.00% and lOKR + 1.00% to KR + 1.00% y + caffeine, 0.75-1.00% SA and 
1.00-1.25% aniline and significant at 1% level in 40KR gamma rays; 20KR + 
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2.00%-40KR + 0.25% y + SA; 20KR + 2.00% - 40KR + 2.00% y + caffeine; 
1.25-1.50% SA and in 1.50-2.00% aniline (Tables 6-10). 
4.1.5 ; MORPHOLOGICAL ABNORMALITIES AT SEEDLING SIAGE: 
The immediate effect of physical and chemical mutagens appeared at 
seedling stage upto the formation of cotyledonary and few vegetative leaves. 
In control, the leaves were normal with obovate, entire, obtuse and smooth 
leaflets (Plate 1-Fig A). In treated populations, the vegetative leaflets were 
deeply notched forming lobes (Fig 1-B), small, round and acute (Fig 1-C), 
nothced (Fig 1-D), under developed (Fig 1-E & K), cup shaped and notched 
(Fig 1-F), unequal (Fig. 1-G), rudimentary cotyledonary and vegetative leaflets 
(Fig 1-H & I), condensed nodes and internodes (Fig 1-J), small and thicker 
(Fig 1-L) as compared to that of control. The abnormalities were observed in 
all the mutagens with varying frequencies (Tables 1-5). In aniline treatment 
the leaflets were mostly smaller, thicker and round in shape as compared to 
control. 
4.1.6 : MORPHOLOGICAL ABNORMALITIES IN OLDER 
SEEDLINGS: 
Control seedlings, approximately 60 days old were erect, bearing normal 
obovate, round, paripinnate leaves with entire margin and smooth surface (Figs 
2A, 3A). 
In lOKR gamma rays, the seedlings were erect, bearing two types of 
leaves: upper normal obovate and lower ones small and round, while some other 
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leaves were rudimentary in the same plant (Fig 2B1). One seedling showed 
delayed germination and retarded growth (Fig 2B-2). In 30KR gamma rays, the 
seedlings were dwarf, without branching and the leaf formation was very poor 
(Fig2-C). 
In 30KR + 1.00% y + caffeine, the seedlings showed unexpectedly 
increased number of branches and leaves (Fig 2-D), while in 30KR + 2.00% y 
+ caffeine semi erect seedlings showed less number of branches, one branch 
was highly developed with bigger leaves showing chimeral effect (Fig 2-E). In 
40KR + 0.25% y + caffeine, the seedlings were semi erect but with smaller 
obovate leaves (Fig 2-F). Increased number of branches, thick, hard and woody 
stem was found in one plant in 40KR + 1.00% y + caffeine (Fig 2-G). while 
other seedlings showed less number of branches bearing smaller and 
rudimentary leaves (Fig 2-H). 
Albinaand Xantha type chlorophyll mutants could be isolated, which 
showed reduced growth as compared to control in 5KR y rays + 2.00% caffeine 
(Fig 3-B, 3-B'). In lOKR y rays ^ 1.00% caffeine, although the chlorophyll 
mutant was taller than other treated seedlings the leaves were under developed. 
Other seedlings in the same treatment showed thicker, obovate green leaves 
with prominent mid rib and slow growth (Fig 3-C, Table 3). 
In y + SA, aniline and SA the abnormalities were more or less similar as 
observed at early seedling and at older seedling stages with varying freqeuncies 
(Tables 1-5). 
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4.1.7: VARIATIONS IN LEAF MORPHOLOGY : 
Various kinds of leaf abnormalities such as changes in shape, size and 
number were observed in different doses/concentrations of mutagens (Figs 4 
A-E). Generally the abnormalities included unequal leaflets, deep notching, 
lobes formation, deshaping, fusion and narrowing as compared to control, in 
the populations treated with gamma rays (Fig 4-A, 2-6) y + SA (Fig 4-B; 2-13). 
Y + caffeine (Fig 4-C; 2-13); SA (Fig 4-D; 2-15) and Aniline (Fig 4-E; 2-17). 
4.L8 : NUMBER OF LEAVES PER PLANT : 
The average number of leaves per plant decreased with increasing 
concentrations in gamma rays, SA and aniline (Tables 6,9,10). In combination 
treatments generally it decreased, but in lOKR + 0.25% and 20KR + 0.25% y 
+ SA and lOKR + 0.25%; 20KR + 0.25% and 30KR + 0.25% y + caffeine; the 
number of leaves were slightly higher as compared to their previous lower 
concentrations (Tables 7,8). The average number of leaves in control were 
24.96 per plant. In treated populations it decreased from 22.93 to 17.61 in 5-
40KR gamma rays; 21.63 to 15.07 in 5KR + 0.25% to 40KR + 0.25% y + SA; 
22.53-15.23 in 5KR + 0.25%-40KR + 2.00% y + caffeine; 22.87-18.06 in 
0.50-1.50% SA and 23.43-19.30 in 0.50-2.00% aniline (Tables 6-10). 
The decrease in average number of leaves was significant at 5% level in 
20KR gamma rays; lOKR + 2.00%-20KR + 1.00% y + SA and y + caffeine and 
in 1.00% SA and significant at 1% level in 30-40 KR gamma rays; 20KR + 
2.00% - 40.KR + 0.25% y + SA; 20KR + 2.00% - 40KR + 2.00% y + caffeine; 
. ^ 
1.25- 1.50% SA and in 1.50 - 2.00% aniline treatments (Tables 6-10). 
4.1.9 : LEAFLET RATIO (L/B): 
The leaflet length vs. breadth ratios did not follow a definite trend with 
increasing doses of mutagens. However, in 20KR + 1.00% y + SA; 20KR + 
2.00% Y + caffeine; 1.00% SA; 1.25% aniline and in their onward 
concentrations it decreased, indicating that the leaflets became broader than 
control. On the other hand the leaflet ratio increased in higher doses of gamma 
rays indicating that the leaflets became longer as compared to control (Tables 
6-10). 
The critical difference (CD.) in the case of leaflet ratio of treated 
populations with that of control, also did not follow a regular trend. However, 
in random doses/concentrations the level of significance was recorded to be 
at 5% and at 1% while in some other treatments the differences were 
insignificant (Tables 6-10). 
4.1.10: NUMBER OF BRANCHES PER PLANT : 
Generally the average number of branches per plant decreased with 
increasing concentrations of gamma rays; SA and aniline. In combination 
treatments also, it showed the same trend. Average number of branches were 
maximum in control (4.10 per plant). In treated populations the number of 
branches decreased from 4.03-2.13 in 5-40KR gamma rays; 3.43-1.93 in 5KR 
+ 0.25% - 40KR + 0.25% y + SA; 3.67-1.90 in 5KR + 0.25% - 40KR + 2.00% 
y + caffeine; 3.86-2.46 in 0.50-1.50% SA and 4.17-2.13 in 0.50-2.00% aniline 
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(Tables 6-10). Moreover, in aniline at lower concentrations (0.50%) the number 
of branches were more than control (Table 10). 
The decrease in average number of branches per plant were significant 
at 5% level in 30KR gamma rays; lOKR + 2.00% and 20KR + 2.00% - 40KR + 
0.25% Y + SA,; lOKR + 2.00%; 20KR + 1.00% and 30KR + 0.25% y + caffeine; 
0.75% SA and in 1.00% aniline and significant at 1% level in 40KR gamma 
rays; 20KR + 2.00% and 30KR + 1.00% - 40KR + 2.00% y + caffeine; 1.00% 
- 1.50% SA and in 1.25 - 2.00% aniline (Tables 6-10). 
4.1.11 : YIELD: 
The yield of control and treated populations was determined on the basis 
of number of pods, number of seeds and weight of seeds per plant. Since the 
number of pods and seeds per plant decreased in all the concentrations of treated 
populations as compared to control, the yield in terms of weight decreased 
accordingly (Tables 6-10). 
(i) NUMBER OF PODS PER PLANT: 
Average number of pods per plant was maximum in control (13.63), but 
in treated populations it decreased from 11.93 - 8.67 pods in 5-40KR gamma 
rays; 10.97-7.63 pods in 5KR + 0.25% - 40KR + 0.25% y + SA; 11.50-7.40 
pods in 5KR + 0.25% - 40KR + 2.00% y + caffeine; 12.40 - 10.53 pods in 
0.50 - 1.50% SA and 12.77 - 10.30 pods in 0.50 - 2.00% aniline (Tables 6-
10). Contrary to the general decreasing trend, the average number of pods per 
plant were found to be slightly greater as compared to their previous lower 
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concentrations in lOKR + 0.25% and 20KR + 0.25% y + SA and lOKR + 0.25%; 
20KR + 0.25% and 30KR + 0.25% y + caffeine (Tables 7 & 8). 
The decrease in average number of pods per plant was significant at 5% 
in 20 and 30KR gamma rays; lOKR + 2.00% - 20KR + 2.00% y + SA; 20KR + 
1.00 - 30KR + 1.00% y + caffeine; 1.25% and 1.50% SA and in 1.25% aniline 
and significant at 1% level in 40KR gamma rays; 30KR + 0.25% - 40KR + 
0.25% y + SA; 30KR + 2.00% - 40KR + 2.00% y + caffeine and 1.50 - 2.00% 
aniline (Tables 6-10). 
ii) NUMBER OF SEEDS PER PLANT : 
Average number of seeds per plant decreased with increasing 
concentrations of mutagens. It was maximum in control (40.30); while in 
treated populations it ranged between 34.60 - 30.77 seeds in 5-40KR gamma 
rays; 32.57-26.43 seeds in 5KR + 0.25%-40KR + 0.25% y + SA; 33.23 -
26.23 seeds in 5KR + 0.25% - 40KR + 2.00% y + caffeine; 35.37 - 32.00 
seeds in 0.50 - 1.50% SA and from 36.03% - 32.17 seeds in 0.50 - 2.00% 
aniline (Tables 6-10; Graph 3-c.d; Graph 4-d.e.f). In 2.00% aniline 
concentration, the average number of seeds per plant was slightly greater than 
its previous lower concentration (Table 10). In combination treatments it 
showed increasing trend similar to that observed in the number of pods per 
plant (Tables 7 & 8). 
The decrease in average number of seeds per plant was significant at 5% 
level in 20 and 30KR gamma rays; lOKR + 1.00% - 30KR + 0.25% y + SA; 
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lOKR + 2.00% - 30KR + 0.25% y + caffeine; 0.50% and 0.75% SA and 1.00 -
1.50% aniline and significant at 1% level in 40KR gamma rays; 30KR + 1.00% 
- 40KR + 0.25% Y + SA; 30KR + 1.00% - 40KR + 2.00% y + caffeine; 1.00 -
1.50% SA and in 1.75 - 2.00% aniline (Tables 6-10). 
iii) WEIGHT OF SEEDS PER PLANT : 
Similar to the number of pods and seeds per plant, the average weight of 
seeds per plant also decreased with increasing concentrations of mutagens. In 
control the weight of seeds observed was 10.518 gms; while in treated 
populations it decreased from 8.028 - 5.243 gms in 5-40KR gamma rays; 7.316 
- 4.205 gms in 5KR + 0.25% - 40KR + 0.25% y + SA; 7.671 - 4.333 gms. in 
5KR + 0.25% 40KR + 2.00% y + caffeine; 8.677-6.003 gms in 0.50-1.50% 
SA and 8.914 - 6.157 gms. in 0.50 - 2.00% aniline (Tables 6-10; Graph 3-e,f; 
Graph 4-g,h.i). 
This decrease in average weight of seeds per plant was significant at 
5% level in 10-20 KR gamma rays; 5KR + 2.00% - 20KR + 1.00% y + SA and 
y + caffeine; 0.75% SA and in 1.00% aniline and significant at 1% level in 30-
40 KR gamma rays; 20KR + 2.00% - 40KR + 0.25% y + SA; 20KR + 2.00% -
40KR + 2.00% y + caffeine; 1.00 - 1.50% SA and 1.25 - 2.00% aniline (Tables 
6-10). 
4.1.12 : WEIGHT OF 100 SEEDS : 
Along with relative quantum, the size of seeds is also reflected by 
calculating average weight of 100 seeds. It decreased with increasing 
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concentrations of mutagens. In combination treatments also it showed the same 
trend. The weight per 100 seeds was maximum in control (26.099 gms), while 
in treated populations it ranged between 23.203-17.040 gms. in 5-40KR gamma 
rays; 22.464-15.912 gms. in 5KR + 0.25% - 40KR + 0.25% y + SA; 23.085 -
16.520 gms. in 5KR + 0.25% - 40KR + 2.00% y + caffeine; 24.532 - 18.760 
gms. in 0.50 - 1.50% SA and 24.742 - 19.140 gms. in 0.50 - 2.00% aniline 
(Tables 6-10). 
The decrease in average weight of 100 seeds was significant at 5% level 
in 20KR gamma rays; 10KR+ 1.00%-20KR + 1.00%y +SA; lOKR + 2.00% 
- 20KR + 1.00% and 30KR + 0.25% y + caffeine; 0.75-1.00% SA and in 1.00% 
aniline and significant at 1% level in 30-40KR gamma rays; 20KR + 2.00% -
40KR + 0.25% y + SA; 20KR + 2.00% and 30KR + 1.00% - 40KR + 2.00% y 
+ caffeine; 1.25- 1.50% SA and 1.25%-2.00% aniline (Tables 6-10). 
4.1.13 : MEIOTIC STUDIES IN M, GENERATION : 
To estimate the potency of mutagens and the mutation response of a 
genotype the chromosomal behaviour with respect to meiosis is considered to 
be one of the most reliable indices. Induction of structural rearrangements is 
one of the important ways of achieving new recombinations which are rarely 
obtained by the conventional methods. Moreover, the relative mutagen 
sensitivity at chromosomal level is estimated through the degree of injur> 
manifested by different mutagens in the immediate generation. 
The present investigation deals with the study on the types of 
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chromosomal associations, chromosomal abnormalities and their frequencies 
in different treatments. A comparative study among different concentrations 
of a mutagen (intra mutagen) as well as among different mutagens (inter 
mutagens) using gamma rays, y + SA, y + caffeine, SA and aniline, was also 
carried out. The parameters of meiotic studies recorded were chiasma 
frequency, multivalents, univalents, stickiness, precocious separation, laggards, 
bridges, unequal separation, unsynchronization, fragments, multinucleate PMCs 
etc. 
Viciafaba has six bivalents (2n=12). In control populations the meiosis 
has been normal with six bivalents at prophase I, arranged normally at equatorial 
plate at meta phase I and separating six individual chromosomes towards either 
poles at anaphase I. Telophase 1 and all the stages of meiosis II are generally 
normal. The abnormalities in chromosome structure and behaviour, whatsoever, 
observed in control, were natural and the frequency was almost negligible. The 
treated plants exhibited variable frequencies of abnormalities. 
4.1.13 I: ABNORMALITIES AT DIAKINESIS : 
(i) CHIASMA FREQUENCY : 
Chiasma frequency is a constant and genetically controlled character 
which does not vary much unless the plants are subjected to any change by 
mutagen or environment. The chiasma frequency in control plants was 18.75 
per cell. It decreased to 16.50 per cell in 40KR gamma rays; 14.75 per cell in 
40KR + 0.25% Y + SA; 14.95 per cell in 40KR + 2.00% y + caffeine; 16.75 
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per cell in 1.50% SA and 16.45 per cell in 2.00% aniline (Tables lla-15a). 
Generally it decreased with increasing concentrations of all the mutagens, 
whereas in lOKR + 0.25% and 20KR + 0.25% y + SA and lOKR + 0.25%, 20 + 
0.25% and 30KR + 0.25% y + caffeine the chiasma frequency per cell slightly 
increased as compared to lower doses. 
The decrease in the per cell frequency of chiasmata was significant at 
5% level in 20KR gamma rays, 5KR + 1.00% y + SA, 5KR + 2.00% to lOKR 
+ 1.00% y + caffeine, 1.00% SA and 1.25% aniline and significant at 1% level 
in 30-40KR gamma rays, 5KR + 2.00% to 40KR + 0.25% y + SA, lOKR + 
2.00% to 40KR + 2.00 y + caffeine, 1.25 to 1.50% SA and 1.50 to 2.00% 
aniline treatments (Tables 11a- 15a). 
The chiasma frequency per bivalent decreased from 3.12 (control) to 
2.74 in 40KR gamma rays; 2.45 in 40KR + 0.25% y + SA; 2.48 in 40KR + 
2.00% y + caffeine; 2.78 in 1.50% SA and to 2.68 in 2.00% aniline (Tables 
11 a-15a). The decreased frequency of chiasmata per bivalent was insignificant 
in all the mutagens. Even at diakinesis, the terminalization was not complete. 
More than two chiasmata per bivalent were generally observed in majority of 
cells due to bigger size of chromosomes & inherent delayed separation of 
bivalents, but in higher concentrations the chiasma frequency decreased. 
(ii) MULTIVALENTS: 
Multivalents could not be observed at diakinesis in control plants. They 
were often observed at diakinesis and metaphase I stages in higher doses/ 
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concentrations of gamma rays, y + chemicals and chemical mutagens. Their 
frequencies were 0.10, 0.13 and 0.20 per cell in 20. 30 and 40KR gamma rays 
respectively (Tables 11a; Figs. 14-A,B). In y + SA their frequencies increased 
from 0.07 to 0.30 per cell in 5KR + 1.00% to 30KR + 2.00% doses 
respectively (Table 12a; Figs 15-A-a,b). In y + caffeine frequencies ranged 
between 0.03 to 0.23 per cell in 5KR + 2.00% to 30KR + 2.00% doses and 
then decreased to 0.20 per cell in 40KR + 0.25% (Table 13a; Figs 17-A,B). In 
SA the frequencies were 0.10, 0.10 and 0.17 in 1.00, 1.25 and 1.50% 
concentrations and in aniline, they ranged between 0.07 to 0.13 per cell in 
1.00 to 2.00% concentrations respectively. (Tables 14a, 15a; Fig 20B). 
The increase in per cell frequency of multivalents was significant at 5% 
level in 20KR gamma rays, 30KR + 1.00% - 40KR + 0.25% y + caffeine, 1.00 
- 1.25% SA and 1.50% aniline and significant at 1% level in 30-40KR gamma 
rays, 20KR + 2.00% - 30 + 2.00% y + SA, 1.50% SA and 1.75 - 2.00% aniline 
(Tables 11a- 15a). 
(iii) STICKINESS: 
Stickiness in the chromosomes could not be observed in control, but it 
was observed in higher doses/concentrations in treated plants. The frequency 
of stickiness ranged between 0.10-0.13 per cell in 30 - 40KR gamma rays 
(Table 11a); 0.03 - 0.20 per cell in 5KR + 2.00% - 40KR + 0.25% y+SA 
(Table 12a; Fig 15-B); 0.07 - 0.20 per cell in 10KR+ 1.00% - 30KR + 2.00% 
y + caffeine (Table 13a), 0.07 - 0.10 per cell in 1.25 - 1.50% SA (Table 14a, 
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Fig 19A) and 0.07-0.13 per cell in 1.25 - 1.50% aniline (Table 15a,Fig20A). 
The increase in frequency of stickiness was significant at 5% level in 
30KR + 1.00% - 40KR + 0.25% y + SA, 20KR + 2.00% and 30KR + 1.00% y 
+ caffeine, 1.25% SA and 1.25% aniline and significant at 1% level in 30 -
40KR gamma rays, 30KR + 2.00% y + caffeine, 1.50% SA and 1.50% aniline. 
(Tables 11a- 15a). 
4.1.13 II: ABNORMALITIES AT METAPHASEI: 
Metaphase I in control showed six bivalents at equatorial region whereas 
different abnormalities were observed in treated populations. The parameters 
for metaphase studies were the frequency of chiasmata per cell and per 
bivalents, multivalents, univalents, precocious separation and stickiness etc. 
(i) CHIASM A FREQUENCY : 
The chiasma frequency at metaphase I, was although comparatively lower 
than diakinesis, but still higher than two chiasmata per bivalent in control and 
treated populations due to bigger size and inherent delayed separation of 
bivalents. Chiasma frequencies decreased from 17.95 (control) to 15.95 per 
cell in 40KR gamma rays; 14.50 per cell in 40KR + 0.25% y + SA; 14.10 per 
cell in 40KR + 2.00% y + caffeine; 15.90 per cell in 1.50% SA and 15.95 per 
cell in 2.00% aniline (Tables 1 la-15a). Generally it decreased with increasing 
concentrations of mutagens, but in lOKR + 0.25% and 20KR + 0.25% y + SA 
and lOKR + 0.25% 20KR + 0.25% and 30KR + 0.25% y + caffeine, the chiasma 
frequency per cell was observed to increase as compared to their lower 
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concentrations (Tables 12a, 13a). 
The decreased frequency of chiasmata per cell was significant at 5% 
level in 5KR + 2.00% and 10KR+ 1.00%7+SA, lOKR + 2.00% and 20KR + 
0.25% y + caffeine, and 1.50% aniline and significant at 1% level in 20-40KR 
gamma rays, lOKR + 2.00% - 40KR + 0.25% y + SA, 20KR + 1.00% - 40KR 
+ 2.00% y + caffeine, 1.25 and 1.50% SA and 1.75 - 2.00% aniline (Tables 11a 
- 15a). 
The frequency of chiasma per bivalent exhibited the same pattern. It 
decreased from 2.98 (control) to 2.65 per bivalent in 40KR gamma rays; 2.41 
per bivalent in 40KR + 0.25% y + SA; 2.34 per bivalent in 40KR + 2.00% y + 
caffeine; 2.64 per bivalent in 1.50% SA and 2.65 per bivalent in 2.00% aniline. 
The decreased frequencies of chiasmata per bivalents were insignificant in all 
the mutagens (Tables 11a- 15a). 
(ii) MULTIVALENTS: 
The multivalents could not be observed at metaphase 1, in control plants. 
In treated populations, the frequencies ranged betw een 0.07 - 0.17 per cell in 
20 - 40KR gamma rays (Table 11a; Figs 14-C and 21-A.B.C); 0.03 - 0.20 per 
cell in 5KR + 1.00% - 40KR + 0.25% y + SA (Table 12a; Figs 15-C(a), E(b). 
G); 0.10 - 0.23 per cell in 10 + 0.25% - 40KR + 2.00% y + caffeine (Table 
13a, Figs 17-D,E,F; 18A); 0.07 - 0.13 per cell in 0.75 - 1.50% SA (Table 14a; 
Figs. 19C;21E); and 0.10-0.17 per cell in 1.00- 1.75% aniline (Table 15a; 
Figs 20-C, D). 
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The increase in frequency of multivalents was significant at 5% level in 
20KR gamma rays. 20KR + 1.00% and 30KR + 0.25% y +SA; 20KR + 1.00%, 
20KR + 2.00%, 30KR + 0.25% and 40KR + 0.25% y + caffeine; 1.00 - 1.25% 
SA and 1.00 -1.25^niline, while in still higher concentrations it was significant 
at 1% level (Tables 11a- 15a). 
(iii) STICKINESS: 
Stickiness in the chromosomes could not be observed in control, whereas 
it occurred in treated plants. Their frequencies ranged between 0.07 - 0.10 
per cell in 20 - 40KR gamma rays, 0.07 - 0.20 per cell in lOKR + 0.25% -
30KR + 2.00%Y +SA(Figs 15-C-b,D,F); 0.07-0.17 per cell in lOKR + 2.00% 
- 40KR + 0.25% y + caffeine (Fig 17-C-b); 0.07 - 0.10 per cell in 1.00 -
1.50% SA (Figs 19-B,E) and 0.10 - 0.13 per cell in 1.50 - 2.00% aniline. (Fig. 
21-F; Tables Ua- 15a). 
Increase in the frequency of stickiness was significant at 5% level in 20 
and 30KR gamma rays, lOKR + 2.00% - 20KR + 1.00% y + SA; 20KR + 
1.00% and 30KR + 0.25% y + caffeine and 1.00% SA and significant at 1% 
level in 40KR gamma rays, 20KR + 2.00% - 30KR + 2.00% y + SA; 20KR + 
2.00% and 30KR + 1.00% - 40KR + 0.25% y + caffeine; 1.25 - 1.50% SA and 
1.50-2.00% aniline (Tables 11a- 15a). 
(iv) PRECOCIOUS SEPARATION : 
Precocious separation of chromosomes at metaphase I could not be 
observed in control. The frequencies increased from 0.10 - 0.13 per cell in 20 
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-40KR gamma rays; 0.03-0.20 per cell in 10KR+ 1.00%-30KR+ 1.00% y 
+ SA (Figs 15-C-b, D); 0.03 - 0.23 per cell in 5KR + 2.00% - 40KR + 2.00% 
y + caffeine (Fig 17-C-a); 0.07 - 0.17 per cell in 0.75 - 1.50% SA (Figs 21-
D,H) and 0.07-0.20 per cell in 1.00 - 2.00% aniline (Tables 11a- 15a). 
The increase in frequency of precocious separation was significant at 
5% level in 20KR + 1.00%, 20KR + 2.00% and 30KR + 1.00% y + caffeine; 
1.00% SA and 1.25 - 1.50% aniline and significant at 1% level in 20 - 40KR 
gamma rays, 20KR + 1.00% - 30KR + 1% y + SA, 30KR + 2.00% - 40KR + 
2.00% y + caffeine, 1.25- 1.50% SA and 1.75 - 2.00% aniline (Tables 11a-
15a). 
(v) UNIVALENTS: 
In Viciafaba, due to delayed terminalization mostly ring bivalents were 
observed at metaphase 1 stage. However, in some cells, univalents were also 
observed and their frequency was very low. Univalents were absent in control 
and observed in higher concentrations of treated populations. Its frequency 
increased from 0.03 - 0.20 per cell m 20 - 40KR gamma rays (Figs 21-A,G); 
0.07 - 0.20 per cell in 20KR + 1.00% - 30KR + 2.00% y + SA (Fig 15-H): 
0.03 -0.13 per cell in 20KR + 2.00% - 40KR + 2.00% y + caffeine (Figs 18 
- A-a,b); 0.07 per cell in 1.25 - 1.50% SA and 0.03 per cell in 1.75 and 2.00% 
aniline (Tables - 1 la - 15a). The increase in frequency was significant at 1% 
level in 30 and 40KR gamma rays, 20KR + 2.00% - 30KR + 2.00% y + SA; 
30KR + 1.00% - 40KR + 2.00% y + caffeine; and 1.25 - 1.50% SA (Tables 
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Ua- 14a). 
4.1.13 III: ABNORMALITIES AT ANAPHASE I : 
The studies on the abnormalities at anaphase I were mainly concerned 
with laggards, bridges, unsynchronized movement of chromosomes and unequal 
separation of chromosomes. 
i) LAGGARDS: 
Laggards could not be observed at anaphase I in control plants. In treated 
populations the frequency increased from 0.07 - 0.20 per cell in 10 - 30KR 
gamma rays (Table - 11a, Fig - 14-D); 0.03 - 0.20 per cell in 5KR + 0.25% -
40KR + 0.25% Y + SA. The highest frequency (0.23 per cell) was observed in 
30KR + 2.00% y + SA. but in still higher doses the laggards decreased (Table 
12a); 0.07 - 0.23 per cell in 5KR + 2.00% - 40 KR + 2.00% y + caffeine. The 
frequency increased to 30KR + 2.00% y + caffeine but decreased thereafter 
(Table 13a, Fig 17-H); 0.07 - 0.13 per cell in 0.75 - 1.25% SA (Table 14a) and 
0.07-0.13 per cell in 1.25- 1.75% aniline (Table 15a: Figs 20-F-a.b,21I). 
The increase in frequency of laggards was significant at 5% level in 20KR 
+ 1.00% - 30KR + 1.00% y + SA and at 1% level in 20 and 30KR gamma rays, 
30KR + 2.00% and 40KR + 0.25% y + SA, 20KR + 2.00% - 40KR + 2.00% y 
+ caffeine, 1.00- 1.25;;SAand 1.50 - 1.75% aniline. (Tables 11a- 15a). 
ii) BRIDGES : 
In treatments, single, double and some times multiple bridges were 
65 
observed, whereas they were absent in control. Their frequencies increased 
from 0.03 - 0.13 per cell in 5-40KR gamma rays (Fig 14-E); 0.10-0.27 per 
cell in 5KR + 2.00% - 30KR + 2.00% y + SA (Fig 16-A); 0.03 - 0.20 per cell 
in 5KR + 1.00% - 40KR + 2.00% y + caffeine (Fig 17-G); 0.03 - 0.20 per cell 
in 0.50 - 1.50% SA and 0.07 - 0.20 per cell in 0.75 - 2.00% aniline (Fig 20-E; 
Tables 11a- 15a). 
The increase in frequency was significant at 5% level in lOKR + 2.00% 
and 20KR + 1.00% y + SA, 20KR + 1.00% - 30KR + 1.00% and 40KR + 
0.25% y + caffeine, 1.00 - 1.25% SA and 1.50% aniline and at 1% level in 
still higher concentrations of these mutagens. (Tables 12a - 15a). In gamma 
rays the bridges occurred but insignificant as compared to control (Table 1 la). 
iii) UNSYNCHRONIZED MOVEMENT OF CHROMOSOMES : 
In control the disjunction of chromosomes was normal. In treated plants 
the chromosomes separated without following any definite pattern. Few 
chromosomes were observed to separate precociously while some others lagged 
behind. Moreover, they exhibited unsynchronized movement and 
disorientation. 
The frequency of unsynchronized movement of chromosomes increased 
from 0.03 - 0.10 per cell in 20 - 40KR gamma rays (Table 11a, Fig 14-E); 0.07 
-0.13 per cell in 10KR+ 1.00%-40KR + 0.25% y + SA (Table 12a; Fig 16-
A); 0.07 - 0.13 per cell in 20KR + 1.00% - 40KR + 0.25% y + caffeine, but 
absent in still higher concentrations (Table - 13a, Fig 17-G); 0.03 - 0.17 per 
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cell in 0.75 - 1.50% SA (Table - 14a, Fig 19-F); and from 0.07- 0.10 per cell 
in 1.50- 1.75% aniline (Table- 15a). 
The increase in frequency was significant at 5% level in 30KR gamma 
rays, 20KR + 2.00% and 30KR + 1.00% - 40KR + 0.25% y + SA, 20KR + 
2.00% and 30KR + 0.25% y + caffeine and 1.00% SA and significant at 1% 
level in 40KR gamma rays. 30KR + 1.00% - 40kR + 0.25% y + caffeine, 
1.25- 1.50% SA and 1.50- 1.75% aniline (Tables 11a- 15a). 
iv) UNEQUAL DIVISION OF CHROMOSOMES : 
Unequal division of chromosomes did not occur in control. Their 
occurrence was common in all the mutagens with the difference in frequencies 
only. The frequency of unequal division increased from 0.03-0.07 per cell in 
30-40KRy rays (Table 11a); 0.03 -0.13 per cell in 5KR + 0.25%-30KR + 
2.00% y + SA (Table 12a); 0.07 - 0.10 per cell in 20KR + 2.00%- 30KR + 
2.00% y + caffeine (Table 13a); 0.10 - 0.13 per cell in 1.00 - 1.25% SA 
(Table 14a, Fig 19-F); and from 0.03 - 0.10 per cell in 1.25 - 2.00% aniline 
(Table 15a. Fig 21-1). 
The increase in frequency of unequal separation was significant at 5% 
level in lOKR + 1.00%, 20KR + 0.25%, 20KR + 1.00%, 20KR + 2.00% and 
30KR + 1.00% y + SA; 20KR + 2.00% and 30KR + 0.25% y + caffeine; and 
1.50% aniline and significant at 1% level in 40KR gamma rays, 30KR + 2.00% 
y + SA; 30KR + 1.00% and 30KR + 2.00% y + caffeine, 1.00 - 1.25% SA and 
1.75-2.00% aniline (Tables 11 a-15a). 
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4.1.13 IV : ABNORMALITIES AT TELOPHASE I : 
In control the chromosomal abnormalities could not be observed at 
telophase I. In treatments also, the frequency of abnormalities at telophase 1 
were very low as compared to diakinesis, metaphase I and anaphase I. The main 
abnormalities were laggards and bridges. 
(i) LAGGARDS: 
The frequency of laggards increased from 0.00 (control) to 0.13 per 
cell in 40KR gamma rays (Fig 14-F); 0.23 per cell in 30KR + 2.00% y + SA: 
0.20 per cell in 30KR + 1.00% and 30KR + 2.00% y + caffeine (Fig 18-B); 
0.13 per cell in 1.50% SA (Figs 19-G,H) and 0.13 per cell in 2.00% aniline 
(Fig 20-H; Tables 1 la- 15a). 
The increase in frequency of laggards was significant at 5% level in 20KR 
y rays, lOKR + 2.00%, 20KR + 1.00% and 20KR + 2.00% y + caffeine; 
1.25% SA and in 1.50% aniline and significant at 1% level in still higher 
concentrations of these mutagens (Tables 11 a-15a). 
ii) BRIDGES : 
The bridges were absent in control. Their frequencies increased from 
0.03 -0.10 per cell in lOKR - 40KR gamma rays (Table 11a); 0.07 - 0.20 per 
cell in lOKR + 0.25% - 40KR + 0.25% y + SA (Table - 12a); 0.07 - 0.20 per 
cell in lOKR + 1.00% - 40KR + 2.00% y + caffeine (Fig 18-B; Table 13a); 
from 0.03 -0.13 per cell in 0.75 - 1.50% SA (Table 14a) and from 0.10-0.13 
per cell in 1.00-1.50% aniline (Table 15a). 
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The increase in frequency was significant at 5% level in 40KR gamma 
rays, 20KR + 1.00% - 30KR + 0.25% y + SA and 20KR + 2.00% y + caffeine 
and significant at 1% level in 30KR + 1.00%- 40KR + 0.25% y + SA; 30KR 
+ 1.00% - 40KR + 2.00% y + caffeine, 1.00 - 1.50% SA and in 1.00 - 1.50% 
aniline (Tables 1 la - 15a). 
4.1.13 V : ABNORMALITIES AT SECOND MEIOTIC STAGES : 
The chromosomal abnormalities at second meiotic stages could not be 
observed in control. In treatments also their occurrence was very low 
particularly in low doses. However, some of the abnormalities recorded were 
laggards and micronuclei at prophase II, fragments and precocious separation 
at metaphase II, laggards, bridges and disoriented chromosomes at anaphase II 
and multinucleate pollen mother cells, laggards and bridges at telophase II 
stages in higher concentrations. 
i) PROPHASE 11: 
In prophase II, laggards and micronuclei were observed. The frequency 
of laggards increased from 0.10 - 0.17 per cell in 20KR + 1.00% - 30KR + 
2.00% y +SA (Table 12b; Fig 16-B); 0.10 - 0.13 per cell in 30KR + 1.00% 
and 30KR + 2.00 y + caffeine, (Table 13b) and 0.03 per cell was observed 
only in 30KR gamma rays (Table l ib, Fig 14-H), while in SA and aniline the 
laggards were absent (Tables 14b, 15b). 
The increase in frequency of laggards was significant at 1% level in both 
y + SA and y + caffeine (Tables 12b, 13b). These laggards seemed to be 
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inherited from telophase I and could not be enclosed in any of the two nuclear 
envelops and still persisted at prophase II. Resultantly the nuclei at prophase 
II should have the configuration n = 6-1 and n = 6. 
The frequency of micronuclei increased from 0.03 - 0.07 per cell in 30 
- 40KR gamma rays (Fig 14-G); 0.03 - 0.13 per cell in 20KR + 2.00% - 30KR 
+ 2.00% y + SA; 0.07 per cell in 30KR + 2.00% and 40KR + 0.25% y + 
caffeine (Fig - 18-C); and 0.03 - 0.07 per cell in 1.25- 1.50% SA (Fig- 19-1); 
while these were absent in aniline (Tables 1 lb - 15b). 
The increase in frequency of micronuclei was significant at 1% level in 
40KR gamma rays, 30KR + 1.00% and 30KR + 2.00% y + SA; 30KR + 2.00% 
and 40KR + 0.25% y + caffeine and 1.50% SA (Tables 1 lb - 14b). 
ii) METAPHASEII: 
In metaphase II, the fragments and precociously separating chromosomes 
were observed. The frequency of fragments increased from 0.07 - 0.13 per 
cell in 10 - 40KR gamma rays; from 0.07 - 0.17 per cell in lOKR + 2.00% -
30KR + 2.00% y + SA; 0.07-0.20 per cell in 20KR + 1.00 - 40KR + 2.00% y 
+ caffeine (Figs 18-D,E); from 0.07 - 0.10 per cell in 1.00 - 1.50% SA and 
from 0.03 - 0.13 per cell in 0.75 - 2.00% aniline (Figs 20-I,J; Tables 11b-
15b). 
The increase in frequency was significant at 5% level in 20-40KR gamma 
rays; lOKR + 2.00% and 20KR + 0.25% y + SA; 20KR + 1.00%Y + caffeine, 
and 1.50 - 1.75% aniline and significant at 1% level in 20KR + 1.00%- 30KR 
^( Acc. No ) n 
+ 2.00% Y + SA; 20KR + 2.00% - 40KR + 2.00% y + caffeine; 1.00 - 1.50% 
SA and in 2.00% aniline (Tables 1 lb-15b). 
The frequency of precocious separation of chromosomes increased from 
0.03 -0.10 per cell in 5-40KR y ray (Table lib, Fig 14-1); from 0.10 - 0.23 
per cell in 5KR + 2.00% - 30KR + 2.00% y + SA (Table 13b); from 0.03 -
0.20 per cell in lOKR + 0.25% - 40KR + 0.25% y + caffeine (Table 13b); 
from 0.03 - 0.17 per cell in 0.50 - 1.50% SA (Table 14b, Fig 21-J) and from 
0.07 -0.13 per cell in 0.75 - 1.75% aniline (Table 15b). 
Their frequency was significant at 5% level in 5KR + 2.00% and lOKR 
+ 0.25% y +^and 1.00 - 1.25% aniline and significant at 1% level in lOKR + 
1.00% - 30KR + 2.00% y + SA; lOKR + 2.00% - 40KR + 0.25% y + caffeine; 
1.00 -1.50% SA and 1.50 - 1.75% aniline, while its frequency was insignificant 
in gamma rays treatment. (Table l i b - 15b). 
iii) ANAPHASE II: 
In anaphase II the laggards, bridges and disoriented chromosomes were 
observed. The frequency of laggards increased from 0.07 - 0.10 per cell in 20-
40KR gamma rays; 0.07 -0.17 per cell in 1OKR + 0.25% - 40KR + 0.25% y + 
SA(Figs 16-D,G); 0.07-0.20 per cell in 10KR+ 1.00%-40KR + 2.00% y + 
caffeine (Fig 18-G); 0.07 - 0.13 per cell in 1.00 - 1.50% SA (Fig 19-L) and 
from 0.07 - 0.13 per cell in 1.00 - 2.00% aniline (Tables l ib - 15b). The 
increase in frequency was significant at 5% level in lOKR + 0.25% and lOKR 
+ 1.00% y + SA and 1.25% aniline and significant at 1% level in 20 - 40KR 
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gamma rays; lOKR + 2.00% - 40KR + 0.25% y + SA; lOKR + 2.00% - 40KR 
+ 2.00% y + caffeine; 1.00 - 1.50% SA and in 1.50% - 2.00% aniline (Tables 
l i b - 15b). 
The frequency of bridges increased from 0.07 - 0.13 per cell in 10-
40KR y rays (Table lib); 0.07 - 0.23 per cell in 5KR + 1.00% - 40KR + 
0.25% y + SA (Table 12b, Fig 16-G); 0.03 - 0.20 per cell in 5KR + 2.00% -
40KR + 0.25%y + caffeine (Table 13b, Fig 18-F); 0.03 - 0.13 per cell in 0.50 
- 1.50% SA (Table 14b, Fig 19-L) and from 0.03 - 0.13 per cell in 0.75 -
1.75% aniline (Table 15b, Fig 20-K). The increase in frequency was significant 
at 5% level in 5KR + 2.00%, lOKR + 0.25% and 20KR + 0.25% y + SA; 20KR 
+ 2.00% and 30KR + 0.25% y + caffeine; 0.75% SA, 1.00% and 1.50% aniline 
and significant at l%levelin 10-40KR gamma rays; 10KR+ 1.00%, 10KR + 
2.00% and 20KR + 1.00% - 40KR + 0.25% y + SA; 30KR + 1.00% - 40KR + 
0.25% y + caffeine, 1.00 - 1.50% SA and 1.75% aniline (Tables 1 lb - 15b). 
The frequency of disoriented chromosomes increased from 0.07 - 0.17 
per cell in 10 - 40KR gamma rays (Fig 14-J); 0.03 - 0.20 per cell in lOKR + 
0.25% - 30KR + 2.00% y + SA (Fig 16-E); 0.07 - 0.20 per cell in lOKR ^ 
2.00%-40KR+ 1.00% y + caffeine; 0.03 - 0.10 per cell in 0.75 - 1.50% SA 
(Figs 19-J,K) and from 0.03 - 0.10 per cell in 0.75 - 1.50% aniline (Fig 21-K; 
Tables l ib - 15b). The increase in frequency was significant at 5% level in 
lOKR gamma rays, 30KR + 1.00% y + caffeine; 1.00% SA and 1.00 - 1.25% 
aniline and significant at 1% level in 20 - 40KR gamma rays, lOKR + 2.00% -
30KR + 2.00% y + SA; 30KR + 2.00% - 40KR + 1.00% y + caffeine, 1.25 -
79 
1.50% SA and in 1.50% aniline (Tables l i b - 15b). 
iv) TELOPHASE 11: 
In telophase II, although multinucleate cells, laggards and bridges were 
observed in treated populations, their frequencies were much lesser as 
compared to other abnormalities of second stages. 
The frequency of multinucleate cells (3,5 & 6 nucleate) was 0.03 per 
cell (Constant) in 30-40KR y rays (Table l ib . Fig 14-L) increased from 0.03 
- 0.20 per cell in lOKR + 0.25% - 40KR + 0.25% y + SA (Table 12b, Fig 16-
H); 0.03 -0.17 per cell in lOKR + 1.00% - 40KR + 2.00% y + caffeine (Table 
13b; Fig 18-H); 0.03 - 0.07 per cell in 1.50 - 2.00% aniline (Table 15b, Fig 
20-L); and 0.10 per cell (constant) in 1.00- 1.50% SA (Table 14b). The increase 
in frequency was significant at 5% level in 20KR + 2.00% - 40KR + 0.25% y 
+ caffeine and significant at 1% level in lOKR + 2.00% - 40KR + 0.5% y + 
SA, 40KR+ 1.00% and 40KR +2.00% y + caffeine, 1.00- 1.50% SA and in 
1.75 - 2.00% aniline, while insignificant in gamma rays (Tables l ib - 15b). 
The frequency of laggards increased from 0.07 - 0.10 per cell in 30 -
40KR gamma rays (Table lib. Fig 14-K); 0.03 - 0.13 per cell in lOKR + 2.00% 
- 30KR + 2.00% y + SA (Table 12b, Fig 16-F); 0.07 - 0.13 per cell in 0.75 -
1.50% SA (Table 14b) and from 0.03-0.10 per cell in 0.75 - 1.75% aniline 
(Table 15b). In y + caffeine; the frequency of laggards first increased from 
0.03 - 0.20 per cell in lOKR + 0.25% - 30KR + 2.00%, there after it decreased 
to 0.13 per cell in 40KR +0.25% (Table 13b). 
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The increase in frequency was significant at 5% level in 20KR + 2.00%, 
30KR + 0.25% and 40KR + 0.25% y + caffeine, 1.00% SA and in 1.00 - 1.25% 
aniline and significant at 1% level in 30 - 40KR gamma rays, 20KR + 1.00% -
30KR + 2.00% y + SA, 30KR + 1.00% and 30KR + 2.00% y + caffeine, 1.25 
and 1.50%SA and in 1.50- 1.75%aniline (Tables l i b - 15b). 
The frequency of bridges increased from 0.03 - 0.13 per cell in 20 -
40KR Y rays (Table l ib . Fig 14-K); 0.07-0.13 per cell in 20KR+1.00%-
40KR + 0.25%y + SA (Table 12b); from 0.07 - 0.13 in 20 + 2.00% - 30KR + 
2.00% y + caffeine, (Table 13b); 0.07 - 0.10 per cell in 1.00 - 1.50% SA 
(Table 14b) and from 0.07 - 0.10 per cell in 1.50% - 2.00% aniline (Table 15b, 
Fig21-L). 
The increase in frequency was significant at 5% level in 20KR + 2.00% 
and 30KR + 0.25% y + caffeine and 1.50 - 1.75% aniline and significant at 1% 
level in 30-40KR gamma rays; 20KR + 1.00% - 40KR + 0.25% y + SA, 30KR 
+ 1.00% and 30KR + 2.00% y + caffeine; 1.00 - 1.50% SA and in 2.00% 
aniline (Tables 1 lb - 15b). 
4.2 OBSERVATIONS IN M^  GENERATION : 
The seeds obtained from selfed flowers of all the treated plants of M, 
were collected and sown in M, generation. In addition, the seeds of induced 
variants were also collected and sown for M, studies separately. The parameters 
of the study were same as in M, generation. 
4.2.1: SEED GERMINATION : 
88 
Although the germination percentage in treated populations was lower 
than control in M^ generation (Tables 16-20), but comparatively higher than 
M, generation. 
In M^ generation also the germination percentage decreased from 96.00% 
(control) to 73.33% in 40KR gamma rays; 68.00% in 1.50% SA and 66.66% 
in 2.00% aniline (Tables 16,19,20). In y + SA and y + caffeine, germination 
percentage showed the irregular pattern. It decreased from 96.00% (control) 
to 60.00% in 30KR + 2.00% y + SA and to 58.66% in 40KR + 2.00% y + 
caffeine, but the percentage was slightly higher than their previous lower 
concentrations in two intermediary doses of 1OKR + 0.25% and 20KR + 0.25% 
y + SA and in three intermediary doses of lOKR + 0.25%, 20KR + 0.25% and 
30KR + 0.25% y + caffeine. (Tables 17,18). No germination was observed in 
40KR +0.25%-40KR +2.00% y + SA and in 1.75 and 2.00% SA (Tables 17, 
19). Inhibition in percentage germination increased with increasing 
concentrations but it was less as compared to M, generation, showing that the 
effect of the mutagens ceased to some extent in M., and therefore, the inhibition 
was less severe. It increased from 5.56 - 23.61% in 5-40KR gamma rays; 12.50 
- 37.50% in 5KR + 0.25% - 30KR + 2.00% y + SA; 8.33 - 38.89% in 5KR + 
0.25% - 40KR + 2.00% y + caffeine; 6.94 - 29.16 in 0.50 - 1.50% SA and 
from 5.56 - 30.56 in 0.50 - 2.00% aniline (Tables 16-20). 
4.2.2 : FREQUENCY OF MUTATIONS : 
Frequency of mutations was found to increase, with increasing doses/ 
89 
concentrations. It increased from 12.00 - 34.66% in 5-40KR gamma rays; 15.20 
- 40.00% in 5KR +0.25%-30KR+2.00% V + SA; 14.13 - 41.33% in 5KR 
+0.25% - 40KR + 2.00% y + caffeine; 13.60 - 38.66% in 0.50 - 1.50% SA 
and from 12.00 - 37.60% in 0.50 - 2.00% aniline (Tables 16-20). While in 
combination treatments, the frequency was slightly lesser in lOKR + 0.25% 
and 20KR + 0.25% y + SA and lOKR + 0.25%, 20KR + 0.25% and 30KR + 
0.25% Y + caffeine as compared to their lower concentrations. (Tables 17, 
18). The frequency of mutation is less in M^ as compared to the variations in 
M| generation. 
4.2.3 : POLLEN FERTILITY : 
The pollen fertility decreased from 86.00% (control) to 78.00% in 
40KR gamma rays; 77.86% in 1.50% SA and 77.33% in 2.00% aniline (Tables 
16, 19,20). In combination treatments of two doses of y + SA and three doses 
of y + caffeine, the pattern of pollen fertility was similar to M, generation. 
That is, it decreased from 86.00 (control) to 74.53% in 30KR + 2.00% y + 
SA and 73.73% in 40KR + 2.00% y + caffeine, but in lOKR -r 0.25% and 
20KR + 0.25% y + SA and in lOKR + 0.25%, 20KR + 0.25% and 30KR + 
0.25% y + caffeine, the pollen fertility was higher than their previous lower 
concentrations. (Tables 17, 18). 
Percentage reduction in pollen fertility increased with increasing doses/ 
concentrations of mutagens. This reduction in pollen fertility was less as 
compared to M, generation (Tables 16-20). Highest reduction in pollen fertility 
90 
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was recorded in y + SA, followed by y + caffeine, aniline, SA and gamma 
rays. 
4.2.4 : CHLOROPHYLL MUTATIONS : 
Chlorophyll mutations were recorded in M^ generation when seedlings 
were 7 to 15 days old. The spectrum of different M^ chlorophyll mutants 
included: albina, Xantha, viridis, xanthoviridis. viridoxantha, and striata in Vicia 
faba after treatment with different physical and chemical mutagens. It was 
observed that in many cases the seedlings which initially looked to be normal 
started showing different types of chlorophyll defects at the later stages of 
growth, where as some seedlings showed it since their emergence. All these 
chlorophyll deficient mutants were lethal. A brief description of different 
chlorophyll mutants is given below. Whose individual frequencies varied in 
different mutagens and their doses (Tables 21-25). 
Albina : It is a lethal mutation characterised by entirely white leaves of 
seedlings. The seedlings survived for about 8-10 days after germination. 
Xantha : Leaves were yellow in colour, seedlings showed normal growth in 
beginning and survived for 8 to 12 days only. 
Viridis : Leaf size reduced but leaf shape remained unaltered. The plants were 
slow growing and did not survive beyond the four leaf stage. The mutant was 
distinguished because of its reduced height, and viridine green colour of leaves. 
Xantho viridis : The xantho viridis mutants survived upto the three or four leaf 
96 
stage and dried up within 15-17 days of emergence. These mutants were 
characterized by yellow colour near the tips and light green colour in the leaf 
base. 
Viridoxantha : These mutants were characterized by pale colour in most of the 
leaf surface while the tips were light green. Such seedlings also dried up within 
10-15 days of germination. 
Striata : Individually these plants were slow growing and less vigorous in the 
beginning but gradually regained normal growth and at maturity were as vigorous 
as normal plants. The leaves were white or light yellow in colour, with patches 
of yellow-green or green colour that appeared gradually. The survival periods 
of these mutants ranged between 25 - 31 days. 
4.2.5 : FREQUENCY AND SPECTRUM OF CHLOROPHYLL 
MUTATIONS: 
Overall frequencies of chlorophyll mutations ranged between 2.00 -
6.34%; 2.50 - 9.54%; 2.11 - 9.32%; 1.56 - 5.52% and 1.14 - 5.20% in gamma 
rays, y + SA, y + caffeine, SA and aniline treatments respectively (Tables 21 -
25; Figs 5B, 6B, 9C, 12C, C). The chlorophyll mutation frequency was 
calculated on progeny as well as on plant basis. The trend of the mutation 
frequency was similar in both the methods. Therefore, results are dealt with 
on an M, plant basis. Although different mutagens differed in relation to 
frequency of chlorophyll mutations, y + SA appeared to produce more 
chlorophyll mutants followed by y + caffeine, gamma rays, SA and aniline. 
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The frequency of xantha mutants was the highest, followed by viridoxantha and 
striata. The chlorophyll mutations were dose dependent and increased with 
increasing doses/concentrations of the mutagens. 
4.2.6 : MUTAGENIC EFFECTIVENESS & EFFICIENCY : 
The mutagenic effectiveness was as high as 1.60 in 5KR gamma rays, 
while the highest effectiveness in case of y + SA, y + caffeine, SA and 
aniline treatments were 0.66, 0.53, 1.00 and 1.00 in 5KR + 0.25%, 5KR + 
0.25%, 0.50 and 0.50% respectively (Tables 26-30). The effectiveness 
decreased linearly with the increase in doses/concentrations of mutagens in 
gamma rays, SA and aniline. Although in combination treatments there was 
general decrease in effectiveness but in lOKR + 0.25%, 20KR + 0.25% and 
30KR + 0.25% y + SA and in lOKR + 0.25%, 20KR + 0.25%, 30KR + 0.25% 
and 40KR + 0.25% y + caffeine, it showed increasing trend. The order of 
mutagens based upon their effectiveness was gamma rays> SA> aniline> y + 
SA> y + caffeine. (Tables 26-30). 
In the present study, the mutagenic efficiency was worked out on the 
basis of seedling injury (MP/I) and pollen sterility (MP/s). It showed a decline 
with increasing concentrations in g rays, SA and aniline, while in y + SA and y 
+ caffeine it does not show any regular trend (Tables 26-30). 
The mutagenic efficiencies as calculated by the relations (MP/I & MP/ 
s) were highest in y + SA (1.74 and 3.21) and lowest in gamma rays (1.40 and 
1.60) respectively. (Tables 26-30). The efficiency calculated on the basis of 
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sterility was generally higher as compared to seedling injury. The order of 
mutagenic efficiency was y + SA > y + caffeine> SA > aniline> gamma rays. 
4.2.7: HEIGHT OF MATURE PLANTS : 
The average height of mature plants in M, is comparatively more than 
M| generation. The maximum height was observed in control to be 36.05 and 
in treated populations it ranged between 33.18 - 27.71 cms in 5-40KR gamma 
rays, 30.38 - 24.18 cms in 5KR + 0.25% - 30KR + 2.00% y + SA; 31.90 -
23.81 cms in 5KR +0.25%-40KR +2.00% y + caffeine; 34.20 - 30.15 cms 
in 0.50 - 1.50% SA and from 34.52 - 29.70 cms in 0.50 - 2.00% aniline (Tables 
31 - 35). The average height of plants decreased with increasing concentrations 
of all mutagens except in two doses of y + SA and 3 doses of y + caffeine, 
the trend were similar to M, generation (Tables 32, 33). 
The reduction in average height of plants were significant at 5% level in 
20KR gamma rays, 5KR + 1.00% - lOKR + 1.00% y + SA; 5KR + 2.00% -
lOKR + 1.00% and 20KR + 0.25% y + caffeine; 1.00% SA and in 1.50% 
aniline and at 1% level in 30 - 40 KR gamma rays, lOKR + 2.00% to 30KR + 
2.00% y + SA; lOKR + 2.00% and 20KR + 1.00% - 40KR + 2.00% y + 
caffeine; 1.25 - 1.50% SA and in 1.75 - 2.00% aniline (Tables 31 - 35). 
4.2.8: VARIATIONS IN LEAF MORPHOLOGY : 
Most of the leaf abnormalities in M, were similar to the M, generation 
such as round, deeply notched, unequal leaflets etc (Fig 12-D), whereas, 
furrowed (Fig 12-E) and linear leftlets are purely M, characters. 
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The average number of leaves per plant decreased with increasing 
concentrations. It was maximum in control as 25.23, while in treated 
populations it ranged between 24.56 - 20.63 in 5-40KR gamma rays; 24.03 -
18.03 in 5KR + 0.25% - 30KR + 2.00% y + SA; 24.26 - 17.87 in 5KR + 
0.25% - 40KR + 2.00% y + caffeine; 24.70 - 21.53 in 0.50 - 1.50% SA and 
from 24.83-21.03 in 0.50-2.00% aniline (Tables 31-35). In y +SAandy + 
caffeine the number of leaves followed the trend of M, generation but the 
average number of leaves were higher than M,. 
The decrease in average number of leaves were significant at 5% level 
in 30KR gamma rays; 20KR + 1.00% y + SA; 20KR + 1.00% - 30KR + 0.25% 
y + caffeine; 1.25% SA and significant at 1% level in 40KR gamma rays; 20KR 
+ 2.00% - 30KR + 2.00% y + SA; 30KR + 1.00% - 40KR + 2.00% y + 
caffeine; 1.50% SA and in 1.25 - 2.00% aniline (Tables 31 - 35). 
The length Vs. breadth ratio in leaflets did not follow any definite trend 
similar to M, generation, but in higher concentrations the leaf ratio decreased 
in all the mutagens. Resultantly the leaflets became longer (Tables 31 - 35). 
4.2.9 : NUMBER OF BRANCHES : 
The average number of branches decreased linearly with increasing 
concentrations of gamma rays and SA, while in lOKR + 0.25% and 20KR + 
0.25% y + SA; lOKR + 0.25%, 20KR + 0.25% and 30KR + 0.25%y + caffeine 
and 1.75% aniline the number of branches were higher as compared to their 
lower concentrations. The average number of branches were significant at 5% 
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level in 30KR gamma rays; 20KR + 2.00% - 30KR + 1.00% y + SA; 20KR + 
1.00%, 20KR + 2.00%, 30KR + 1.00% and 30KR + 2.00% y + caffeine and in 
1.25% aniline and significant at 1% level in 40KR gamma rays; 30KR + 2.00% 
y + SA;40KR+0.25%-40KR +2.00% y + caffeine: 1.25%- 1.50% SA and 
in 1.50-2.00% aniline (Tables 31 -35). 
4.2.10 : YIELD : 
The number of pods and seeds per plant decreased with increasing 
concentrations. The weight of seeds per plant and weight of 100 seeds also 
decreased with increasing concentrations but the yield was generally higher 
than Mj in all the treated populations (Tables 31-35). Moreover, in combination 
treatments of two doses of y + SA & three doses of y + caffeine the yield 
increased following the trend similar to M, generation. (Tables 32. 33). 
The decrease in average number of pods was significant at 5% level in 
20 - 30 gamma rays; 5KR + 1.00% - lOKR + 1.00% y + SA; 5KR + 2.00% -
lOKR + 1.00% y + caffeine; 0.75% SA and in 1.00% aniline and significant at 
1% level in 40KR gamma rays; lOKR + 2.00% - 30KR + 2.00% y + SA: lOKR 
+ 2.00% - 40KR + 2.00% y + caffeine; 1.00 - 1.50% SA and in 1.25 - 2.00% 
aniline (Tables 31-35). 
The decrease in average number of seeds was significant at 5% level in 
10 - 30KR gamma rays; 5KR+2.00%-30KR +0.25% y +SA;5KR +1.00% 
- 20KR + 1.00% y + caffeine; 0.50 - 1.00% SA and 1.00 - 1.50% aniline and 
significant at 1% level in 40KR gamma rays; 30KR + 1.00% - 30KR + 2.00% 
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y + SA; 20KR + 2.00% - 40KR + 2.00% y + caffeine; 1.25% - 1.50% SA and 
in 1.75 -2 .00% aniline (Tables 31-35). 
The decrease in average weight of seeds per plant was significant at 5% 
level in 5-lOKR gamma rays; 5KR+ 1.00%- 10KR+ 1.00% y + S A ; 5KR + 
1.00% - lOKR + 1.00% and 20KR + 0.25% y + caffeine; 0.50% SA and in 
0.75 - 1.00% aniline and significant at 1% level in 20 - 40KR gamma rays; 
lOKR + 2.00%-30KR +2.00% y + SA; lOKR + 2.00% and 20KR + 1.00%-
40KR + 2.00% y + caffeine; 0.75 - 1.50% SA and in 1.25 - 2.00% aniline 
(Tables 31-35). 
The decrease in weight of 100 seeds were significant at 5% level in 
lOKR gamma rays; 5KR + 2.00% - lOKR + 1.00% y + SA; lOKR + 2.00% -
20KR + 1.00% y + caffeine; 0.75% - 1.00% SA and 0.75 - 1.00% aniline and 
significant at 1% level in 20-40KR gamma rays; lOKR + 2.00% - 30KR + 
2.00% y + SA; 20KR + 2.00% - 40KR + 2.00% y + caffeine; 1.25 - 1.50% 
SA and in 1.25% - 2.00% aniline (Tables 31 -35). 
4.2.11 : SELECTED MUTANTS IN M^  GENERATION : 
The control as well as mutagenized populations were screened for all 
phenotypically detectable mutations at different stages of growth in M, 
generation. The mutants were isolated mainly on the basis of the habit and 
height of plants, leaf morphology and yield. 
Control plants showed no morphological variations with an average 
height of 38.0 cm (Table 36A; Fig 5A). In lOKR gamma rays a dwarf mutant 
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with small narrow leaves (Table 36B), in 20KR gamma rays an erect plant 
showing two types of leaves : older, obovate, obtuse and younger ones ovate, 
acute without branching (Table 36B; Fig 5-C), while in 40KR gamma rays, the 
bushy mutant showing increased number of branches (Table 36D) had been 
isolated. 
In 5KR + 0.25% y + SA the mutant was dwarf with small, round and 
thick leaves (Table 36E; Fig 6-A), highly sterile with no seed setting. In 5KR 
+ 1.00% y + SA, the mutant was dwarf with elongated, thin leaves (Table 36F; 
Fig 6-B). In 5KR + 2.00% the mutant had younger leaves lanceolate and older 
ones broader, highly branched stem and the number of leaves more than control 
(Table 36G; Fig 6-C). In lOKR + 0.25% y + SA the mutant was dwarf with 
deeply notched leaflets. The yield of this mutant was less because of the less 
number of pods per plant (Table 36 - H; Fig 7-A). In 20KR + 0.25% y + SA, 
tall, healthy mutant with unequal, deeply notched leaflets was obtained (Table 
361; Fig 7-B). In 30KR + 0.25% y + SA the mutant was bushy, highly branched 
(6 branches), yield more than control. (Table 36 J; Fig 7-C). while in 30KR + 
1.00% y + SA the mutant with thick solid stem and broader leaflets was obtained 
(Table 36 - K), exhibiting lesser number of pods and low pollen fertility. 
In lOKR + 2.00% y + caffeine, tall mutant with increased number of 
leaves, branches and yield (Table 36L, Fig 8-A), while in 20KR + 1.00% y + 
caffeine, the mutant having less number of leaves, due to more intemodal 
length, one branch and lower yield (Table 36M; Fig 8-B) and in 30KR + 0.25% 
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y + caffeine the mutant with rudimentary and deshaped leaves, two branched 
and lower yield (Table 36 N; Fig 8-C) were obtained. In 30KR + 1.00% y + 
caffeine bushy dwarf mutant with increased number of branches but decreased 
number of leaves per branch and lower seed set (Table 36; Fig 9-A), while in 
30KR + 2.00% y + caffeine, the mutant with condensed, thick broader leaflets 
and decreased internodal length was obtained (Table 36 P; Fig 8-D). In still 
higher doses 40KR + 1.00% y + caffeine dwarf mutant with thick, round 
leaflets and prominent mid rib was obtained (Table 36 Q; Fig 9-B). 
In 0.75% SA, the mutant was weak stemed, bearing thick, deeply notched, 
deshaped leaflets and showed delayed germination. (Table 36 R; Fig 9-D). In 
1.00% SA, the mutant had lanceolate leaflets with decreased number of branches 
and yield (Table 36 S; Fig 10-A), while in 1.25% SA they exhibited woody, tall 
stem with thicker, notched leaflets and delayed flowering and fruiting (Table 
36 T; Fig lO-B). In 1.50% SA the dwarf mutant with thick, bigger, round and 
apically condensed leaflets without branching were obtained, it exhibited low 
yield (Table 36 U; Fig 10-C). 
In 1.00% aniline the mutant showed notching and unequal lobes in older 
leaflets and increased internodal length . It was taller than control (Table 36 
V; Fig 11-A). In 1.25% aniline the mutant had large number of leaves due to 
decreased internodal distance and height of plant. The leaflets were broader 
and obtuse. (Table 36 W; Fig 11-B). In 1.75% aniline one of the mutants, with 
obovate, deshaped and elongated leaflets, while the other with smaller and 
round leaflets were obtained. The number of pods and seeds in the later were 
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higher (Table 36 X,Y, Figs 11-C, C and 12A). In 2.00% aniline, the weak mutant 
with rudimentary, deshaped, bifurcated leaflets and lesser number of flowering 
and fruiting wa s isolated (Table 36 Z; Fig 12-B). 
4.2.12 : MEIOTIC STUDIES IN M, GENERATION : 2 
Cytological analysis in M, generation was done from the plants raised 
from seeds of selected variants of Mj, generation. The treated populations 
showed less variations as compared to M,, except some selected characters 
which could not be detected in M, but appeared in M, as true recessive mutants. 
The parameters of cytological analysis were same as in M,. 
4.2.12.1: ABNORMALITIES AT DIAKINESIS : 
i) CHIASM A FREQUENCY : 
The average chiasma frequency in control plants was 18.65 per cell and 
decreased to 16.75 per cell in 40KR gamma rays; 15.30 per cell in 30KR + 
2.00% y + SA; 15.15 per cell in 40KR + 2.00% y + caffeine; 16.80 per cell in 
1.50% SA and to 16.60 per cell in 2 00% aniline (Tables 37a - 41a). But in 
combination treatments, the frequency increased in intermediary two 
concentrations of y + SA and three concentrations of y + caffeine, following 
the same trend as observed in Mj generation (Tables - 38a, and 39a). 
The decrease in chiasma frequency per cell was significant at 5% level 
in 10 and 20KR gamma rays, 5KR + 1.00% and lOKR + 0.25% y + SA; 5KR + 
2.00% - lOKR + 1.00% y + caffeine; 1.25% SA and in 1.25% aniline and 
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significant at 1% level in 30 - 40KR gamma rays; 5KR + 2.00% and lOKR + 
1.00% - 30KR + 2.00% y + SA, 10K.R + 2.00% - 40KR + 2.00% y + caffeine, 
1.50% SA and in 1.50-2.00% aniline. (Tables 37a - 41a). 
Similarly, the frequency of chiasma per bivalent showed the same pattern. 
The maximum frequency per bivalent in control was 3.10 and decreased to 
2.78, 2.54, 2.52, 2.79 and 2.76 per bivalent in the highest concentrations of 
gamma rays, y + SA, y + caffeine; SA and aniline respectively (Tables 37a -
41a). The decrease in chiasma frequency per bivalent was insignificant in all 
the mutagens. 
ii) MULTIVALENTS: 
A good number of multivalents per cell were observed in M., generation 
also. Although generally lower than Mj, but the frequency was significant in 
some mutagens. 
Multivalents were absent in control. In treated populations it increased 
from 0.03 -0.13 per cell in 20 - 40KR gamma rays (Table 37a); 0.07-0.17 
per cell in 5KR + 2.00% - 30KR + 2.00% y + SA (Table 38a); 0.07 - 0.20 per 
cell in lOKR + 1.00% - 30KR + 2.00% y + caffeine and then decreased to 
0.17 per cell only in 40KR + 0.25% y + caffeine concentration (Table 39a); 
0.07 per cell (constant) in 1.25% and 1.50% SA (Table - 40a) and from 0.10-
0.13 per cell in 1.50 - 2.00% aniline (Table 41a). 
The increase in per cell frequency of multivalents was significant at 5% 
level in 20KR + 1.00% - 30KR + 1.00% y + SA, 20KR + 1.00% - 30KR + 
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1.00% and 40KR + 0.25% y + caffeine, 1.50 and 1.75% aniline. These were 
significant at 1% level in higher doses/concentrations only, that is, 30-40KR 
gamma rays, 30KR + 2.00% y + SA; 30KR + 2.00% y + caffeine; 1.25 - 1.50% 
SA and in 2.00% aniline (Tables 37a - 41a). 
iii) STICKINESS: 
The stickiness in chromosomes could not be observed in control. Its 
frequency per cell increased from 0.07 - 0.10 in 30 - 40KR gamma rays, from 
0.03 to 0.17 in lOKR + 1.00%-30KR + 2.00% y + SA; 0.03 - 0.17 in lOKR 
+ 1.00% - 30KR +2.00% y +caffeine and from 0.07-0.10 in 1.25 and 1.50% 
SA, while no such stickiness was observed in aniline treatment (Tables 37a -
41a). 
The increase in frequency of stickiness per cell was significant at 5% 
level in 20KR + 1.00% - 30KR + 0.25% y + SA; 20KR + 1.00% y + caffeine 
and 1.25% SA and significant at 1% level in 30 - 40KR gamma rays; 3^KR + 
1.00% and 30KR + 2.00% y + SA; 20KR + 2.00% - 30KR + 2.00% y + caffeine 
and in 1.50% SA (Tables 37a - 41a). 
4.2.12. II: ABNORMALITIES AT METAPHASEI: 
i) CHIASMA FREQUENCY : 
The frequency of chiasma decreased gradually from 17.90 (control) to 
16.10 per cell in 40KR gamma rays, 14.90 per cell in 30KR + 2.00% \ + SA; 
14.55 per cell in 40KR + 2.00% y+ caffeine; 16.30 per cell in 1.50% ISA and 
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16.15 per cell in 2.00% aniline respectively (Tables 37a- 41a). In y + SA and 
y + caffeine, it showed the same trend as observed in M, generation (Tables 
38a, 39a). 
The decrease in chiasma frequency per cell was significant at 5% level 
in 20KR gamma rays; lOKR + 1.00% y + SA; lOKR + 2.00% and 20KR + 
0.25% y + caffeine; 1.25% SA and in 1.50% aniline and significant at 1% level 
in 30 - 40KR gamma rays, lOKR + 2.00% - 30KR + 2.00% y + SA, 20KR + 
1.00% - 40KR + 2.00% Y + caffeine; 1.50% SA and in 1.75 - 2.00% aniline 
(Tables 37a-41a). 
The frequency of chiasma per bivalent followed the same trend. It 
decreased from 2.98 (control) to 2.67 per bivalent in 40KR gamma rays; 2.48 
per bivalent in 30KR + 2.00% y + SA; 2.42 per bivalent in 40KR + 2.00% y + 
caffeine; 2.71 per bivalent in 1.50% SA and 2.68 per bivalent in 2.00% aniline. 
The decrease in chiasma frequency per bivalent was insignificant in all the 
mutagens (Tables 37a - 41a). 
ii) MULTIVALENTS: 
The multivalents could not be observed in the control plants. In treated 
populations they were generally lower than that of M, generation. The 
frequency of multivalents increased from 0.03 - 0.07 per cell in 30 - 40KR 
gamma rays; 0.03 - 0.20 per cell in lOKR + 0.25% - 30KR + 2.00% y + SA; 
0.07 - 0.20 per cell in lOKR + 1.00% - 40KR + 2.00% y + caffeine; 0.07 -
0.10 per cell in 1.00- 1.50% SA and from 0.10 - 0.13 per cell in 1.25- 1.75% 
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aniline (Tables 37a - 41a). 
The increase in frequency of multivalents was significant at 5% level in 
20KR + 2.00% and 30KR + 0.25% y + SA; 30KR + 1.00% - 40KR + 0.25% y 
+ caffeine and 1.25 - 1.50% aniline and significant at 1% level in 40KR gamma 
rays; 30KR + 1.00% - 30KR + 2.00% y + SA; 40KR + 1.00% and 40KR + 
2.00% y + caffeine; 1.25 -1.50% SA and in 1.75% aniline (Tables 37a - 41a). 
iii) STICKINESS: 
The frequency of stickiness increased from 0.03 - O.IO per cell in 20 -
40KR gamma rays; 0.07-0.17 per cell in 10KR+ 1.00%-30KR+ 1.00% y + 
SA; 0.07 - 0.13 per cell in 20KR + 1.00% - 40KR + 0.25% y + caffeine; 0.03 
- 0.07 per cell in 1.25 - 1.50% SA and from 0.07 - O.IO per cell in 1.50 -
2.00% aniline (Tables 37a - 41a). 
The stickiness per cell was significant at 5% level in 20KR + 2.00% and 
30KR + 0.25% y + SA; 20KR + 1.00% y + caffeine and significant at 1% level 
in 30 - 40KR gamma rays, 30KR + 1.00% y + SA; 20KR + 2.00% - 40KR + 
0.25% y + caffeine; 1.50% SA and 1.75 and 2.00% aniline (Tables 37a - 41a). 
iv) PRECOCIOUS SEPARATION OF CHROMOSOMES : 
Precocious separation of chromosomes could not be observed in control. 
Their frequency increased from 0.07 - 0.10 per cell in lOKR + 2.00% - 30KR 
+ 0.25% y + SA; 0.03 - 0.17 per cell in lOKR + 0.25% - 40KR + 0.25% y + 
caffeine; 0.07-0.13 per cell in 1.25- 1.50% SA; 0.10 - 0.13 per cell in 1.25 
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- 2.00% aniline and 0.07 per cell in 20 and 30KR gamma rays (Tables 37a -
41a). The chromosomes separated precociously generally in higher doses in 
M, and M, generations. 
The increase in their frequency was significant at 5% level in lOKR + 
2.00% and 20KR + 0.25% y +SA; 20KR + 1.00% - 30KR + 0.25% y + caffeine; 
1.25% SA and 1.25% aniline and significant at 1% level in 20 - 30KR gamma 
rays, 20KR + 1.00% - 30KR + 0.25% y + SA; 30KR + 1.00% - 40KR + 0.25% 
y + caffeine, 1.50% SA and in 1.50 - 2.00% aniline (Tables 37a - 41a). 
v) UNIVALENTS: 
Univalents were absent in control as well as treated populations of M^ 
generations. 
4.2.12. I l l : ABNORMALITIES AT ANAPHASE I : 
The common abnormalities at anaphase I were laggards, bridges, 
unsynchronized movement of chromosomes and unequal separation of 
chromosomes. Their frequencies were generally lower than in M, generation. 
i) LAGGARDS: 
In the treatments the frequency of laggards ranged between 0.07 - 0.10 
per cell in 10 - 30KR gamma rays; 0.03 - 0.20 per cell in 5KR + 1.00% -
30KR +2.00% y+SA; 0.07-0.20 per cell in 10KR+ 1.00%-30KR + 2.00% 
y + caffeine, then decreased to 0.13 per cell in 40KR + 0.25% y + caffeine; 
0.07-0.10 per cell in 1.00- 1.25% SA and 0.10 per cell in 1.50 and 1.75% 
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aniline (Tables 37a - 41a). 
The increase in the frequency of laggards was significant at 5% level in 
20KR + 1.00% y + SA and lOKR + 1.00% y + caffeine and significant at 1% 
level in 20 - 30KR gamma rays; 20KR + 2.00% - 30KR + 2.00% y + SA; lOKR 
+ 2.00% - 40KR + 0.25% y + caffeine; 1.00 - 1.25% SA and in 1.50 and 1.75% 
aniline (Tables 37a - 41a). 
ii) BRIDGES: 
Bridges were not present in control. Their frequencies increased from 
0.07 - 0.13 per cell in 10 - 40KR gamma rays; 0.07 - 0.13 per cell in 5KR + 
2.00% - 30KR + 1.00% y + SA;.0.03 - 0.17 per cell in 5KR + 2.00% - 40KR + 
2.00% y + caffeine; 0.03 - 0.13 per cell in 0.75 - 1.50% SA and 0.03 - 0.13 
per cell in 0.75 - 2.00% aniline. The increase in frequency of bridges was 
significant at 5% level in 40 KR gamma rays; lOKR + 1.00%, lOKR + 2.00%, 
20KR + 0.25%; 20KR + 1.00% and 30KR + 0.25% y + SA; 1.00 and 1.25% SA 
and 1.50 - 2.00% aniline and significant at 1% level in 20KR + 2.00% and 
30KR + 1.00% y + SA; 20KR + 1.00% - 40KR + 2.00% y + caffeine and in 
1.50% SA (Tables 37a - 41a). 
iii) UNSYNCHRONIZED MOVEMENT OF CHROMOSOMES : 
Unsynchronized movement of chromosomes to their respective poles 
was absent in control. In gamma rays, the frequency was 0.07 per cell in 30 
and 40KR. In y + SA, first it increased from 0.07 - 0.13 per cell in lOKR + 
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2.00% - 30KR + 1.00% and then decreased to 0.10 per cell in 30KR + 2.00% 
Y + SA. In other mutagens the frequency ranged between 0.07 - 0.10 per cell in 
20KR + 2.00% - 40KR + 0.25% y + caffeine; 0.07 - O.IO per cell in 1.25 -
1.50% SA and 0.03 - 0.07 per cell in 1.50 - 1.75% aniline (Tables 37a - 41a). 
The frequency was significant at 5% level in lOKR + 2.00% to 20KR + 1.00% 
y + SA and at 1% level in 30 - 40KR gamma rays, 20KR + 2.00% to 30KR + 
2.00% y + SA; 20KR + 2.00% - 40KR + 0.25% y + caffeine; 1.25 and 1.50% 
SA and in 1.75% aniline (Tables 37a - 41a). 
iv) UNEQUAL SEPARATION OF CHROMOSOMES : 
Unequal separation of chromosomes did not occur in control, SA and 
aniline. The frequency increased from 0.03 - 0.07 per cell in 30 - 40KR gamma 
rays; 0.03 - 0.10 per cell in 5KR + 2.00% - 30KR + 1.00% y + SA; 0.07 - 0.10 
per cell in 30KR + 0.25% - 30KR + 2.00% y + caffeine. The increase in 
frequency was significant at 1% level in 40KR gamma rays; 20KR + 1.00% -
30KR + 1.00% y + SA and in 30KR + 0.25% - 30KR + 2.00% y +caffeine 
(Tables 37a-41a). 
4.2.12. IV : ABNORMALITIES AT TELOPHASE I : 
The common abnormalities at telophase I were laggards and bridges. 
i) LAGGARDS: 
Laggards were not present in control. The frequency of laggards increased 
from 0.03 - 0.10 per cell in 20 - 40KR gamma rays; 0.03 - 0.20 per cell in 
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5KR + 1.00% - 30KR + 1.00% y + SA; 0.07 - 0.17 per cell in 5KR + 2.00% -
30KR + 2.00% Y + caffeine; 0.07 to 0.10 per cell in 0.75-1.50% SA and 0.07 
to 0.13 per cell in 1.50 - 2.00% aniline (Tables 37a - 41a). The increase in 
frequency of laggards was significant at 5% level in 30KR gamma rays; 20KR 
+ 2.00% and 30KR + 0.25% y + SA; 5KR + 2.00% and lOKR + 0.25% y + 
caffeine; 1.25 - 1.50% SA and 1.50% aniline and significant at 1% level in 
40KR gamma rays; 30KR + 1.00% y + SA; lOKR + 1.00%-30KR +2.00%y + 
caffeine and in 1.75 - 2.00% aniline (Tables 37a - 41a). 
ii) BRIDGES: 
In the treated populations, the frequency of bridges increased from 0.03 
- 0.10 per cell in 20 - 40KR gamma rays; 0.07 - 0.13 per cell in lOKR + 
1.00% - 30KR + 2.00% y + SA; 0.10-0.17 per cell in 20KR + 1.00% - 40KR 
+ 1.00% y +caffeine; 0.03-0.07 per cell in 1.00- 1.50% SA and 0.07-0.10 
per cell in 1.25 - 1.50% aniline (Tables 37a - 41a). The frequency of bridges 
was significant at 5% level in 20KR + 1.00% and 30KR + 0.25% y + SA and 
1.25% aniline and significant at 1% level in 40KR gamma rays, 20KR + 2.00%, 
30KR + 1.00% and 30KR + 2.00% y + SA; 20KR + 1.00% - 40KR + 1.00% y 
+ caffeine; 1.25 and 1.50% SA and 1.50% aniline (Tables 37a - 41a). 
4.2.12. V: ABNORMALITIES AT SECOND MEIOTIC STAGES: 
The chromosomal abnormalities at second meiotic stages in M, 
generation were rare and the frequencies were lower as compare to M, as well 
as meiosis 1 of M, generations. 
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i) PROPHASE II: 
In prophase II laggards and micro nuclei were observed. Laggards were 
observed only in the populations treated with y + SA. Its frequency increased 
from 0.10 - 0.13 per cell in 20KR + 2.00% - 30KR + 1.00% y + SA, which 
was significant at 1% level (Table 38b). 
Micronuclei were observed in gamma rays and y + SA only. In gamma 
rays the freq. was insignificant (0.03 per cell in 40KR dose) whereas, they 
occurred to be 0.07 per cell in 30KR + 1.00 - 30KR + 2.00% y + SA which 
was significant at 1% level (Tables 37b - 38b). 
ii) METAPHASE II: 
In metaphase II, generally the fragements and precociously separating 
chromosomes were observed only in treated populations. The frequency of 
fragments increased from 0.07 - 0.10 per cell in 20-40KR gamma rays, 0.03 -
0.13 per cell in 20KR + 0.25% - 30KR + 2.00% y + SA; 0.07 -0.13 per cell 
in 20KR + 2.00% - 40KR 2.00% y + caffeine; 0.07 per cell in 1.25 and 1.50% 
SA. In aniline first it increased from 0.07 - 0.10 per cell in 1.00 - 1.50% & 
then decreased to 0.07 per cell in 1.75% concentration (Tables 37b - 41b). 
The increase in frequency of fragments was significant at 5% level in 20KR 
gamma rays, and 1.00, 1.25 and 1.75% \niline and at 1% level in 30-40KR 
gamma rays, 20KR + 1.00% - 30KR + 2 JO% y + «^  \ ; 20KR + 2.00% - 40KR + 
2.00% y +caffeine; 1.25 - 1.50% SA and 1.50% aniline. (Tables 37b - 41b). 
The frequencies of precocious separation of chromosomes ranged 
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between 0.03 -0.10 per cell in 10-40KR gamma rays; 0.07 - 0.13 per cell in 
5KR + 2.00% - 30KR + 1.00% y + SA; 0.03 - 0.17 per cell in lOKR + 0.25% 
- 30KR + 2.00% y + caffeine, 0.03 - 0.10 per cell in 0.75 - 1.50% SA and 
0.03 - 0.10 per cell in 0.75 - 1.75% aniline (Tables 37b - 41b). The increase in 
frequency was significant at 5% level in 5KR + 2.00%, lOKR + 0.25% and 
20KR + 0.25% y + SA; lOKR + 1.00% - 20KR + 0.25% y + caffeine; 1.00% 
SA and in 1.25 - 1.75% aniline and at 1% level in 20-40KR gamma rays, lOKR 
+ 1.00%, lOKR + 2.00%, 20KR + 1.00% - 30KR + 1.00% y + SA; 20KR + 
1.00% - 30KR + 2.00% y + caffeine and in 1.25 - 1.50% SA (Tables 37b -
41b). 
iii) ANAPHASE 11: 
In anaphase II, the laggards, bridges and disoriented chromosomes were 
observed. 
The frequency of laggards increased from 0.07 - 0.10 per cell in 20-
40KR gamma rays; 0.03 - 0.17 per cell in lOKR + 0.25% - 30KR + 2.00% y + 
SA; 0.07-0.10 per cell in 1.00- 1.50% SA and 0.03 - 0.10 per cell in 1.00-
2.00% aniline. In y + caffeine, similar to meiotic 1 division, first it increased 
from 0.07 - 0.13 per cell in lOKR + 2.00% - 30KR + 2.00% and then decreased 
to 0.10 per cell in 40KR + 0.25% concentration (Tables 37b - 41b). The 
increase in frequency of laggards was significant at 5% level in lOKR + 1.00 
- 20KR + 0.25% y + SA; 1.00 - 1.25% SA and in 1.50 - 2.00% aniline and at 
1% level in 20 - 40KR gamma rays, 20KR + 1.00% - 30KR + 2.00% y + SA; 
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20KR + 1.00% - 40KR + 0.25% y + caffeine and 1.50% SA (Tables 37b - 41 b). 
The frequencies of bridges increased from 0.03 - 0.10 per cell in 10 -
40 KR gamma rays, 0.03 to 0.13 per cell in 5KR + 1.00% - 30KR + 2.00% y + 
SA; 0.03-0.17 per cell in 10KR +0.25%-40KR +0.25% Y +caffeine; 0.03 
- 0.13 per cell in 0.75 - 1.50% SA and 0.07 - 0.10 per cell in 1.25 - 1.75% 
aniline (Tables 37b - 41b). The increase in frequency was significant at 5% 
level in 5KR + 2.00% and lOKR + 0.25% y + SA; lOKR + 1.00% - 20K0.25% 
y + caffeine, 1.00 and 1.25% SA and 1.25% - 1.50% aniline and significant at 
1% level in 20 - 40KR gamma rays, lOKR + 1.00% - 30KR + 2.00% y + SA; 
20KR + 1.00% - 40KR + 0.25% y + caffeine; 1.50% SA and 1.75% aniline 
(Tables 37b-41b). 
The frequency of disoriented chromosomes increased from 0.00 
(control) to 0.13 in 40KR gamma rays; 20KR + 1.00% - 30KR + 1.00% y + SA 
and 30KR + 2.00% - 40KR + 1.00% y + caffeine, followed by the second 
highest 0.07 per cell in 1.00 - 1.25% SA and in 1.00 - 1.50% aniline (Tables 
37b - 41b). The increased frequencies were significant only at 5% level in SA 
and aniline treatments and both at 5% and 1% level in gamma rays, y -^  SA and 
y + caffeine (Tables 37b - 41b). 
iv) TELOPHASE II: 
In telophase II, multinucleate cells, laggards and bridges were observed. 
Multinucleate cells could not be observed in control, gamma rays, SA 
and aniline (Tables 37b, 40b, 41b). Moreover, they occurred in the combination 
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treatments of y + SA and y + caffeine. Their frequencies ranged between 0.07 
- 0.10 per cell in lOKR + 2.00% - 30KR + 0.25% y + SA and 0.07 - 0.13 per 
cell in 20KR + 2.00% - 40KR + 1.00% y + caffeine. The increase was 
significant at 1% level in both y + SA and y + caffeine. (Tables 38b, 39b). 
The frequency of laggards increased from 0.03 - 0.07 per cell in 30 -
40KR gamma rays; 0.03 - 0.10 per cell in 20KR + 1.00% - 30KR + 2.00% y + 
SA; 0.03 - 0.13 per cell in 20KR + 0.25% - 40KR + 0.25% y + caffeine; 0.10 
- 0.13 per cell in 1.25 - 1.50% SA and 0.03 - 0.07 per cell in 1.00 - 1.75% 
aniline. The frequencies were significant at 5% level in 1.50 - 1.75% aniline 
and significant at 1% in 40KR gamma rays; 20KR + 2.00% - 30KR + 2.00% y 
+ SA; 20KR + 1.00% - 40KR + 0.25% y + caffeine and in 1.25 - 1.50% SA 
(Tables 37b-41b). 
The bridges did not occur in control and aniline at telophase II. However, 
their frequency increased from 0.07 - 0.10 per cell in 30-40KR gamma rays; 
0.07 - 0.10 per cell in 20KR + 2.00% - 30KR + 2.00% y + SA; 0.07 - 0.10 per 
cell in 30KR + 0.25% - 30KR + 2.00% y + caffeine and 0.03 - 0.07 per cell in 
1.25 - 1.50% SA. The increase in frequencies of bridges were significant at 
1% level in all the treatments (Tables 37b - 41b). 
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4.3 OBSERVATION IN M, GENERATION 
All the collected seeds of the treated plants of M^  generation were sown 
in M, generation. Besides, the seeds of selected and selfed mutants of Mj were 
also sown separately and individually. Cytomorphological studies of general 
as well as selected mutants were carried out. The parameters of the study were 
same as in M, and M, generations. 
The data of control and general treated populations recorded on seed 
germination, frequency of mutation and pollen fertility are presented in tables 
42-46. The seed germination and pollen fertility in M, generation were higher 
as compared to M, & Mj. The frequency of mutations was found to be less than 
that of M, and followed the general trend of increase with increasing 
concentrations of mutagens. The seed germination decreased from 96.33 
(control) to 90.40; 85.86; 86.13; 86.93 and 88.13 cms; percentage inhibition 
in germination increased from 0.00 (control) to 6.15; 10.86; 10.58; 9.75 and 
8.51%; the frequency of mutations increased from 0.00 (control) to 21.33; 
22.40; 22.80; 16.66 and 17.53%; pollen fertility decreased from 86.13 (control) 
to 79.33; 74.93; 74.53; 78.26 and 77.86% and percentage reduction in fertility 
increased from 0.00 (control) to 7.89; 13.00; 13.46; 9.13 and 9.60 in 40KR 
gamma rays; 30KR + 2.00% g + SA; 40KR + 2.00% g + caffeine; 1.50% SA 
and 2.00% aniline respectively (Tables 42 - 46). 
Height of the mature plants decreased from 36.28 (control) to 32.94; 
29.28; 29.86; 34.10 and 34.32 cms; the number of leaves decreased from 25.30 
151 
(control) to 23.10; 21.10; 20.96; 24.20 and 23.86; the number of branches 
decreased from 4.20 (control) to 3.40; 2.70; 2.86; 3.53 and 3.10; number of 
pods per plant decreased from 14.07 (control) to 10.87; 9.03; 9.16; 11.40 and 
11.90; the number of seeds per plant decreased from 41.20 (control) to 36.10; 
33.17; 33.33; 36.53 and 36.57; weight of seeds per plant decreased from 
11.135 (control) to 7.799; 6.940; 6.861; 8.600 and 8.501 and the weight of 
100 seeds decreased from 27.028 (control) to 21.605; 20.925; 20.588; 23.542 
and 23.248 in 40KR gamma rays; 30KR + 2.00% y + SA; 40KR + 2.00% y + 
caffeine; 1.50% SA and 2.00% aniline respectively (Tables 47-51). 
In M, generation also the variations induced by different mutagens for 
all the parameters were significant at 5% (*) and/or at 1% (**) level (Tables 
47-51) particularly in higher doses. 
The frequency of chiasmata per cell and per bivalent at diakinesis 
decreased from 18.75 and 3.12 (control) to 16.90 and 2.81; 15.45 and 2.57; 
15.40 and 2.56; 16.95 and 2.82 and 16.85 and 2.80 and at metaphase I stage it 
decreased similarly from 18.00 and 2.99 (control) to 16.70 and 2.78; 15.10 
and 2.51; 15.00 and 2.49; 17.05 and 2.83; 16.40 and 2.73 in 40KR gamma 
rays; 30KR + 2.00% y + SA; 40KR + 2.00% y + caffeine; 1.50% SA and 2.00% 
aniline respectively (Tables 52 - 56). The highest frequency of multivalents at 
diakinesis was 0.07; 0.13; 0.13; 0.07 and 0.10 per cell in 40KR gamma rays; 
30KR + 1.00% and 30KR + 2.00% y + SA; 30KR + 1.00% and 30KR + 2.00% 
Y + caffeine; 1.50% SA and 1.75% aniline respectively. The highest frequency 
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of stickiness at diakinesis was 0.07; 0.17; 0.13 and 0.07 per cell in 40KR 
gamma rays; 30KR + 2.00% y + SA; 30KR + 2.00% y + caffeine; and in 1.50% 
SA respectively. The stickiness was absent in aniline at diakinesis stage (Tables 
52-56). 
The highest frequency of multivalents at metaphase I stage was 0.10; 
0.17; 0.13; 0.10 and 0.10 per cell in 40KR gamma rays; 30KR + 2.00% y + 
SA; 30KR + 1.00% - 40KR + 2.00% y + caffeine; 1.50% SA and 1.75% aniline 
respectively. The highest frequency of stickiness was 0.13; 0.10 per cell in 
30KR + 1.00% y + SA and 30KR + 2.00% y + caffeine; while it was absent in 
gamma rays; SA and aniline, and that of precocious separation of chromosomes 
was 0.07; 0.10; 0.13; 0.10 and 0.13 per eel in 30KR gamma rays; 20KR + 
2.00% y + SA; 30KR + 2.00% and 40KR + 0.25% y + caffeine; 1.50% SA and 
2.00% aniline respectively. (Tables 52 - 56). 
The highest frequency of laggards per cell at Anaphase I stage was 0.10; 
0.17; 0.17; 0.10 and 0.10 in 30KR gamma rays; 30KR + 2.00% y + SA; 30KR 
+ 2.00% y + caffeine; 1.25% SA and 1.75% aniline respectively and that of 
bridges per cell was 0.10; 0.10; 0.13; 0.10 and 0.10 in 40KR gamma rays; 
20KR + 1.00% and 20KR + 2.00% y + SA; 30KR + 1.00% 30KR + 2.00%; 
40KR + 1.00% and 40KR + 2.00% y + caffeine; 1.50% SA and 1.75% and 
2.00% aniline respectively. The maximum frequency of unsynchronized 
movement of chromosomes per cell was 0.10; 0.10; 0.07 and 0.07 in 30KR + 
2.00% y + SA; 30KR + 1.00% and 30KR + 2.00% y + caffeine; 1.25 and 1.50% 
153 
SA and in 1.75% aniline; while it was absent in gamma rays. The unequal 
separation of chromosomes occurred to its maximum 0.10 and 0.07 per cell 
in 20KR + 2.00% y + SA and 30KR + 1.00% and 30KR + 2.00% y + caffeine 
respectively, while it was absent in gamma rays, SA and aniline (Tables 52-
56). 
The laggards at telophase I ranged between 0.00 to 0.07; 0.13; 0.13; 
0.10 and 0.10 per cell (maximum) in control to 40KR gamma rays; 20KR + 
2.00% - 30KR + 1.00% y + SA; 30KR + 1.00% & 30KR + 2.00% y + caffeine; 
1.50% SA and 1.75 & 2.00% aniline respectively and the bridges ranged 
between 0.00 to 0.07; 0.13; 0.13 and 0.07 per cell (maximum) in control to 
40KR gamma rays; 30KR + 1.00% y + SA; 30KR + 2.00% & 40KR + 1.00% y 
+ caffeine; and in 1.25-1.50% SA respectively; while it was absent in aniline 
(Tables 52-56). 
These highest frequencies were either significant at 5% (*) level and/or 
at 1% (**) level. However, the highest doses/concentrations of mutagen to 
induce the highest frequency of all these abnormalities was different in all the 
mutagens used. Chromosomal abnormalities could not be observed at second 
meiotic stages, if observed at all, those were insignificant and rare. 
Although there was general decreasing trend in the treated populations 
according to increasing doses/concentrations but thirty important mutants in 
M^  generation, raised from the seeds of M, mutants and selected on the basis 
of cytomorphological studies in M, are presented in Table - 57 (A-DD) (Figs 
154 
13A-F). The mutants being homozygous, inherited the characters same as those 
of M ,^ such as tallness, dwarfness, bushy, erect and semierect habits, branching 
pattern & yield etc. Some mutants were superior to control, while some others 
inferior as far as height, number of branches, yield and other characters are 
concerned. 
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CHAPTER-V 
DISCUSSION 
The present discussion is mainly confined to the effect of gamma rays, 
combination of gamma rays + sodium azide, gamma rays + caffeine, sodium 
azide and aniline on seed germination, seedling growth, plant morphology, yield, 
pollen fertility and meiotic behaviour in Viciafaba L. The studies of biological 
damages in terms of lethality, growth injury at seedling and mature stages, 
survival at maturity, pollen and seed sterility in M, generation and visible 
mutation frequency in M, and M, generations are generally used to evaluate 
the mutagenic sensitivity of the biological system under study. The probable 
reasons and explanations regarding the mutagenic effects have been discussed. 
5.1 SEED GERMINATION : 
The test of germination is an important parameter to estimate the induced 
effect of mutagen on metabolism resumed after a period of dormancy Generally 
a gradual decrease in percent germination with increasing concentrations of 
mutagens has been observed. Moreover, in higher concentrations of y + SA 
and SA, the absence of germination may be due to increasing toxic effect of 
the mutagens. The reduced germination due to inhibitory effects of gamma 
rays and chemical mutagens as observed in the present investigation in Vicia 
faba L. has also been reported by Reddy and Rao (1982) in chilli, Krishna et 
al. (1984) in rhodes grass. Khan and Siddiqui (1987) in mungbean, Jayabalan 
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and Rao (1987) in Lycopersicon esculentum L., Lakshmi et al. (1988) in chilli. 
Srivastava et al. (1989) in sugercane, Jain and Agarwal (1993) in Trigonella 
foenum graecum, Kumar et al. (1993) in faba bean, Ansari and Siddiqui (1995) 
in Ammi majus L., Anis and Wani (1997) in Trigonella foenum graecum and 
Mitra and Bhowmik (1998) in Nigella sativa L. etc. 
The reduction was more in the combined treatments (gamma rays + 
sodium azide and gamma rays + caffeine) due to synergistic effect. The 
synergistic effects of physical and chemical mutagens have been reported when 
they were used in combination, in barley (Khalatkar and Bhatia, 1975; 
Arumugam et al., 1997); in Urd and mung bean (Ignacimuthu and Babu, 1988) 
and in Catharanthus roseus (Venkateshwarlu et al., 1988). 
The synergism among two mutagens may be firstly because of first 
mutagen treatment making accessible, otherwise non available sites for 
reaction, to the second mutagen and secondly, premutational lesions induced 
by the first mutagen becomes fixed due to an inhibitory effect of the second 
mutagen on repair enzyme (Sharma, 1972; Payez and Decring, 1972). Both 
these pathways should yield a frequency of mutations higher than the total of 
the two mutagens applied individually. 
Similarly, in the present study, the combination treatments induced more 
reduction in germination. Generally germination percentage decreased with 
increasing concentrations but in two concentrations of y + SA and three 
concentrations of y + caffeine it increased as compared to their previous lower 
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concentrations, possibly due to less damaging effect or due to the fact that the 
lower concentrations of chemical mutagens have induced stimulatory effect 
with high dose of radiation upto the optimal level after that it decreased with 
increasing dose and concentration of physical + chemical mutagens. The 
increase in germination percentage at lower concentrations of chemical 
combinations could be due to inactivation of germination inhibitors present in 
the seeds. 
In combination treatments some data are random in their occurrence 
and do not follow any definite trend. This is in accordance to Goud (1965) and 
Goud et al. (1971). They showed that induced mutation is random and do not 
follow a regular trend, if the character under consideration is not subjected to 
earlier selection. They also stated that induced polygenic mutations do not 
follow any particular direction and they are random. 
Several workers have attempted to explain the causes responsible for 
inhibition of seed germination. Griffiths and Johnson (1962) and Srivastava 
(1979) considered that reduction in germination percentage was due to 
weakening and disturbances of growth process regulated in early elimination 
of seedlings. Gordon (1967) considered that reduction in germination and 
survivality in mutagen treated plants has been due to different factors including 
delay and/or inhibition of metabolic activity of physiological and biochemical 
processes essential for seed germination, which may include the enzyme 
activity, hormonal imbalance, inhibition of mitosis and a change in the balance 
of growth regulators. Krishna et al. (1984) considered that the inhibition of 
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germination is the immediate effect of mutagens on seeds, the extent depending 
on the type and dose of mutagen used. The inhibition may also be due to the 
interaction between the mutagen and the seed cell system. The imbibed mutagen 
in the cell may imbalance the cell system and inhibit the normal metabolic 
activity. 
It has been observed that mutagens, besides reducing the percentage of 
seed germination, have also caused a remarkable delay in the initiation of seed 
germination. The delayed germination as observed in Viciafaba has also been 
reported in other plants following mutagenic treatments (Bajaj et al. (1970) in 
Phaseolus vulgaris: Pearson et al. (1973) in barley and Rao (1983) in pearl 
millet). 
Delayed seed germination may be attributed to the depression in the 
rate of mitotic proliferations (Favret, 1963). The denatured DNA, after 
sometimes may be repaired resulting in the activation of biological process 
involved in germination, thus germination may be delayed (Hutterman et al., 
1978). 
5.2 FREQUENCY OF VARIATIONS/MUTATIONS : 
Enhancement of the frequency and spectrum of mutation in a predictable 
manner and consequent achievement of the desirable plant characteristics is 
an important goal of mutation research (Gustafsson, 1941, 1947, 1955; 
Auerbach, 1967; Swaminathan, 1969). 
In the present material, the frequency of variations/mutations was found 
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to increase with increasing doses/concentrations of gamma rays and chemical 
mutagens. Similar dose dependent increase in the frequency of mutations was 
noted by Vandana (1992) with alkylating agents on faba bean. Combined 
treatments induced higher frequency of variations/mutations due to the 
synergistic effect of physical and chemical mutagens. 
5.3 POLLEN FERTILITY/STERILITY: 
In the present investigation varying degrees of pollen sterility have been 
observed in different concentrations of the mutagens. The pollen fertility 
decreased with increasing concentrations of mutagens. It was low in the first 
generation generally in all mutagenic treatments but gradually increased in the 
subsequent generations. Similar decreasing fertility has been reported earlier 
by Athma and Reddi (1986) in castor, Jayabalan and Rao (1987) in Lycopersicon 
esculentum L., Vandana and Dubey (1988) in Viciafaha, Lakshmi et al. (1988) 
in chilli, Ignacimuthu and Babu (1988) in urd and mung beans, Ignacimuthu and 
Sakthivel (1989) in Vigna radiala, Ansari and Siddiqui (1995) in Ammi majus 
and Mitra and Bhowmik (1998) in Nigella sativa etc. Combined treatments 
such as Y + SA and y + caffeine induced more sterility than the individual 
treatments like gamma rays, aniline and SA, similar to the findings of Kumar 
et al. (1993) in faba bean and Arumugam et al. (1997) in barley. 
According to Reddi (1977), sterility is the result of the interchange of 
segments between non homologous chromosomes. Crispi et al. (1987) found 
that in barley, pollen sterility might be caused by the environmental interaction 
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with deleterious, homozygous recessive minor genes. Myers et al. (1992) put 
forward the idea that the premature degeneration of the tapetum, which surves 
as a nurse tissue to sporogenous cells, might be the reason for increased pollen 
sterility in pea. 
Many researchers considered that the meiotic abnormalities are 
responsible for pollen sterility (Sinha and Godward, 1972; Krishna et al., 1984; 
Dattaand Biswas, 1985; Koul, 1990; Zeerak, 1992; Pagliarini et al., 1992 and 
Consolaro et al., 1996), because meiosis is more prone to any conceivable 
type of disturbances (Darlington, 1937; Swanson, 1957). Reddi and Rao (1982) 
found that the presence of laggards, stickiness, univalents and micronuclei are 
closely associated with sterility. Jayabalan and Rao (1987) considered that 
the pollen sterility which is proportional to dosage, seems to be cumulative 
effects of various abnormal meiotic stages observed together with some 
physiological and genetic damages induced by breakage of chromosomes. The 
percentage of pollen sterility was relatively much less in M, and M, generations 
than M|, indicating that some sort of recovery mechanism must have operated 
in the intervening period. Similar observations were made by Katiyar (1978) 
in Capsicum. It may therefore, be assumed that in the irradiated and chemically 
treated populations of Vicia faba cytological (reduced chiasma frequency, 
laggards, stickiness, bridges etc.) and physiological causes were responsible 
for the sterility of pollen grains. 
5.4 SEEDLING GROWTH AND HEIGHT OF MATURE PLANTS : 
Generally, the average seedling growth and height of the mature plants 
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decreased with increasing concentrations of mutagens. Moreover, combined 
treatments (y + SA and y + caffeine) induced more reduction than individual 
treatments. On the other hand, in two cone, of y + SA and three cone, of y + 
caffeine the height was more as compared to their lower concentrations. 
Reduced seedling growth and height of mature plants due to mutagenic 
treatment was also observed by many workers in faba bean and in other plants 
(Venkateswarlu et al. (1978) in pigeon pea; Krishna et al. (1984) in rhodes 
grass; Khan et al. (1987) in mung bean, Ignacimuthu and Babu (1988) in urd 
and mung bean; Vandana and Dubey (1988) and Kumar et al. (1993) in faba 
bean, Ansari and Siddiqui (1995) in AmmiMajus L. Arumugam et al. (1997) in 
barley and Mitra and Bhowmik (1998) in Nigella saliva etc. 
According to Gunckel (1957), the possible influence of phytohormones 
and other physiological disturbances make for stunted plant growth. Mhaske 
(1971) is also of the opinion that the inhibition of growth at higher doses of 
gamma rays is due to physiological imbalances in plants. 
Gupta and Sumata (1967) held that auxin had a rapid turn over rate in 
metabolically active tissues and that the auxin biosynthesis is ver> sensitive to 
the ionizing radiation. Krishna et al. (1984) opined that the reduction in growth 
might be due to auxin destruction, changes in ascorbic acid content and 
physiological and biochemical disturbances. Chromosomal breakage during 
mitotic inhibition and inhibition of DNA synthesis have also been implicated 
as cause of reduced plant growth. Ansari and Siddiqui (1995) reported that 
185 
injury caused to the meristmatic cells may be responsible for reduction in 
growth. 
Arumugam et al. (1997) considered that the reduction in seedling height, 
in mutagenic treatments is generally due to physical changes such as inhibition 
of DNA, inhibition of mitotic proliferation and variation in auxin level. 
However reduction in seedling height may also occur due to chromosomal 
aberrations and breakage during mitotic divisions. 
In the present investigation stunted growth has been noted. The facts 
remain that the chromosomes carrying various genes, responsible for the life 
processes and expressions, are one of the most sensitive elements and damage 
to any part of these vital and tiny element are bound to go a long way to bring 
about various physiological and metabolic disorders which intum will bring 
about several morphological and growth abnormalities in the plant or plant 
organs. Therefore, it is concluded that the chromosome and gene mutations 
are the causes of reduced germination and growth of seedlings and mature plants 
but the physiological reason as given by Gunckel (1957) may not be completely 
ruled out. 
5.5 VARIATION IN LEAF MORPHOLOGY IN SEEDLINGS AND 
MATURE PLANTS: 
Variations in the shape, size and number of cotyledonary and vegetative 
leaves (i.e. notching, poorly developed, unequal, rudimentary, small and thicker 
leaflets) as observed in Viciafaba are the common effects of mutagens. Similar 
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abnormalities have been induced by irradiation and chemical mutagens in 
Phaseolus vulgaris (Bajaj et al., 1970); Capsicum annuum (Rajam, 1982; 
Rajam and Subhash, 1984); Chloris gayana kunth (Krishna et al. 1984); 
Eucalyptus terelicornis (Murray and Wilson, 1988); Brinjal (Zeerak, 1990) 
and HC/O/OZJO (Vandana and Dubey, 1988; Vandana, 1992; Kumar etal., 1993). 
In present experiment the combined treatments induced more variations 
than individual treatments, similar to the findings of Venkateswarlu et al. (1988) 
in Catharanthus. It is due to the synergistic effect of physical + chemical 
mutagens. 
It has been reported by earlier authors that anomaly in the proportion of 
growth hormones in treated materials may be responsible for cotyledonary 
abnormalities (Napp-Zinn, 1955). On the other hand, Hagen and Gunckel (1958) 
found in general that where leaf abnormalities occurred there was a concomitant 
increase in the free amino acid contents in these leaves. Similar factors may 
be responsible for leaf variations in present experiment also. 
According to Devreux and Mungnozza (1964) the general disturbance in 
metabolic pathway due to irradiation may be one of the important factors 
responsible for such abnormalities. Dubinin (1976) opined that several enzymes 
are involved in the process of mutation. These enzymes participate in the whole 
process at various stages and many of the potential lesions are converted into 
mutations as results of enzymatic activity. Whereas Rao (1972) attributed that 
the leaf abnormalities were due to several environmental factors such as 
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fertility, availability of water and the degree of luxuriance during growth. Blixt 
(1972) considered that leaf aberrations seemed to be due to actual mutation 
process and these are most easily induced in leguminous plants. 
Grover and Virk (1984) and Venkateswarlu et al. (1988) explained it on 
chromosome level and considered that the morphological aberrations observed 
in various types of mutants could be due to chromosomal alterations. 
5.6 YIELD: 
Generally, the yield decreased as the doses/concentrations of gamma 
rays, SA and aniline increased in the case of Viciafaba. Combined mutagens 
(y + SA and y + caffeine) induced more reduction than the single mutagen 
treatments. This may be due to synergistic effect in combined treatment as 
also reported by Sharma (1972) in barley and Zeerak (1990) in Solarium 
melongena. They obtained synergistic effect in seed sterility in combined 
treatments of gamma rays and EMS but contrary to the synergistic effect 
reported so far in the present experiment, some combination treatments showed 
enchancing effect as compared to the lower concentrations and resultantly the 
average number of pods/plant & average number of seeds/plant increased. 
The decrease in yield as observed in Viciafaba was also observed by 
AmerandFarah (1976), Reddy and Rao (1982), Lakshmietal. (1988), Vandana 
and Dubey (1988) and Kumar et al. (1993) by different mutagenic treatments. 
Temple (1990) also observed the reduction in yield in Lycopersicon esculentum 
treated with ozone. 
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As the plant sterility was directly proportional to the administered doses 
and concentrations of mutagens, it can further be presumed that the mutagenic 
treatment probably affected both the male and female gametophytes more or 
less similarly. However, pollen sterility appeared to be more responsible, 
because the yield decreased under conditions of high pollen sterility (Lakshmi 
et al., 1988). This effect may also be interpreted as due to deterimental 
mutations, which are supposed to occur more frequently than favourable ones 
(Khamankar, 1974). According to Singh and Chowdhury (1972) various 
chromosomal abnormalities appeared to be related with lowered pollen fertility 
and ultimately the seed set. Though there was general trend of decrease in 
yield but some positive mutants showing higher yield have been isolated in M, 
generation. 
5.7 CHLOROPHYLL MUTATIONS: 
The chlorophyll mutation is useful in assessing the potency of a mutagen. 
Hence scoring of chlorophyll mutations has proved to be a much dependable 
index for evaluating the genetic effects of the mutagenic treatments. A 
comparison of chlorophyll mutations indicates that in the present experiment, 
the frequency of chlorophyll mutations recorded in M, generation was 
concomitant with dose. Similar dose dependent increase in the chlorophyll 
mutation frequency was reported by Gaul (1964) in barley, Blixt et al. (1966) 
in pea, Nerker (1976) in Lathyrus sativus, Venkatrajam et al. (1984) and Rao 
et al. (1991) in chilli, Vandana (1991) in faba bean and Reddi and Suneetha 
(1992) in rice. However, KJian (1979) also suggested that the frequency of 
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chlorophyll mutations in mungbean is dose independent. 
Present investigation reveals that combination treatments of y + SA and 
y + caffeine have induced the highest frequency of chlorophyll mutants. The 
enhancing results of the combination treatments on the frequency of 
chlorophyll mutations have also been reported in Catharanthns and mungbean 
(Venkateswarluetal., 1988; Ignacimuthu and Babu, 1988). 
The high frequency is due to the preferential action of mutagens on 
chlorophyll development genes located near centromere (Swaminathan et al., 
1962). Besides the mutagens, it may be due to low temperature as reported by 
Gaul, (1964). Reddi and Annadurai (1991) revealed that the chlorophyll 
chimeras/mutants are monogenic and recessive in character, so it may be the 
consequence of gene conversion or the effect of environment and genotype or 
the interaction of both has overcome the expression of recessive genes and 
suppressed its activity by which it could not bring about phenotypic change. 
Incomplete penetrance and variable expressivity are the consequences of 
effects of environmental factors on the expression of concerned genes. 
The frequency of chlorophyll mutations induced by SA and aniline was 
less as compared to combination treatments and gamma rays. The low 
chlorophyll deficient mutation frequency may be due to the inhibition of 
catalase and peroxidase and the increase in peroxide concentration in the cell 
(Kleinhofs et al., 1978). 
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5.8 MUTAGENIC EFFECTIVENESS AND EFFICIENCY : 
Mutagenic effectiveness is an index of the response of a genotype to 
the increasing doses of the mutagen. In present experiment generally mutagenic 
effectiveness decreased with increasing doses/concentrations of mutagens in 
gamma rays, SA and aniline while combination treatments ( y + SA and y + 
caffeine) gave irregular pattern of decreasing mutagenic effectiveness with 
increasing doses/concentrations. The order of mutagenic effectiveness as 
determined on the basis of mutated plant progenies in M, generation was gamma 
rays>SA> aniline> y + SA> y + caffeine. All the physical and chemical 
mutagens and their combinations were found to be effective at low 
concentrations. The decline in the mutagenic effectiveness at higher doses 
shows that the increase in mutation rate was not proportional to the increase 
in the doses of various mutagens rather it was found to be inversely 
proportional. Similar results were obtained by Singh and Chaturvedi (1980) in 
Vigna radiaia by EMS, NMU, gamma rays & their combined treatments and 
Solanki and Sharma (1994) in Lens culinaris by gamma rays, ethylene imine 
and N-Nitroso N-ethyl urea. Moreover, the comparision of effectiveness and 
efficiency of physical (gamma rays) and chemical (alkylating agents) mutagens 
have been done by Dixit and Dubey (1986) and Sharma (1990) in lentil and 
Gautam et al. (1992) in black gram. Rao & Rao (1983) considered that chemical 
mutagens (MMS, NMU & HA) showed higher effectiveness than different doses 
of gamma treatment. 
The mutagenic efficiency indicates the extent of genetic damage recorded 
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in M^ generation in relation to the biological damage caused in M,. It decreased 
with increasing doses of gamma rays, SA and aniline in the present study, while 
the combined treatments (y + SA and y + caffeine) showed the results similar 
to the mutagenic effectiveness. Similar results have been reported by Sharma 
(1977), Nerker (1977) and Solanki and Sharma (1994). 
At present the greater efficiency at lower doses is due to the fact that 
the biological damage generally increased with the enhancement in the dose at 
a higher rate than the frequency of mutation in M^ at same dose (Konzak et al., 
1965). Solanki and Sharma (1994) considered that the higher efficiency of a 
mutagen indicates relatively less biological damage (i.e. seedling injury, 
sterility etc.) in relation to mutations induced. This can be taken as an 
established fact for almost all situations. 
In present experiment the order of mutagenic efficiency was y + SA> y 
+ caffeine>SA> aniline> gamma rays, while Reddy and Rao (1988) reported 
that SA is more efficient than gamma rays alone or in combination. Rao & 
Rao (1983) considered that MMS, NMU and HA showed higher efficiency than 
different doses of gamma treatments. In the present study, the results indicate 
that efficiency calculated on the basis of sterility was higher than that based 
on seedling injury. Gaul et al. (1962) reported the mutagenic efficiency to be 
related to sterility and further observed that the lower the dose, the higher the 
efficiency. It is because due to less damage the lower dose enables the organism 
to express the induced point mutations successfully. 
Ignacimuthu and Babu (1988) considered that the effectiveness and 
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efficiency of mutagenic treatments varied not only between different doses or 
concentrations of a mutagens (intra mutagenic) but also between different 
mutagens (intermutagenic). The non random pattern of variation in mutagenic 
effectiveness and efficiency in single mutagen treatments demonstrates that 
the genotypic responses to different mutagens are of genetic origin and depend 
on the physical and chemical properties of the mutagens, while the random 
pattern in combined treatments indicates that besides the physical and chemical 
properties of mutagens, effectiveness and efficiency also depend upon the other 
factors (environmental and physiological). Similar to the above findings y rays 
was more effective, while in the case of efficiency y + SA is on the top, showing 
that they vary in between different mutagens. 
5.9 MEIOTIC ABNORMALITIES: 
As a result of treatment of seeds with physical and chemical mutagens, 
the plants showed varying degrees of meiotic irregularities, like reduction in 
chiasma frequency, univalents, multivalents, stickiness, precocious separation 
of chromosomes, laggards, bridges, unequal divisions, unsynchronized 
movement of chromosomes, multinucleate conditions etc. 
Generally the meiotic irregularities increased with an increase in the 
exposure to gamma rays and concentrations of physical + chemical and 
chemical mutagens alone. The frequency of abnormalities induced in the present 
series of treatments was mostly dose and concentration dependent and was 
higher in meiosis I than in meiosis II. 
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5.9.1 : Chiasma Frequency : 
Chiasma formation characterises the pairing of homologous 
chromosomes at meiosis and controls the degree of recombination besides 
influencing the fertility. Combined mutagens (Physical + chemical) have caused 
a greater reduction in chiasma frequency per cell and per bivalent due to the 
synergistic effect of the combined treatments, followed by SA, aniline and 
gamma rays. It is interesting to know that more than two chiasmata per bivalent 
were present in control as well as most of the treated populations due to 
inherent genetic character of Viciafaba chromosomes and it may also be due 
to large size of chromosomes which causes delay in terminalization upto late 
diakinesis or early metaphase I. 
Reduction in chiasma frequency following mutagenic treatments was 
also observed in some plants such as Sorghum (Sree Ramulu, 1971); Phaseolus 
(Sinha and Roy, 1976); Pearl millet (Singh et al., 1977; Lai and Srinivasachar, 
1979); Helianthus annuus (Al-Allaf and Godward, 1979); Chilli (Lakshmi et 
al., 1988); Lentil (Reddy and Annadurai, 1992) and faba bean (Khan et al., 
1998). Reduction in chiasma frequency due to the primary action of mutant 
genes was also observed by Gottschalk and Pietrini (1965). 
Sadanandam and Subhash (1984) attributed the reduction in chiasma 
frequency to the nature and potency of mutagens and also to the underlying 
factors such as complex structural changes or the change in the nature of gene 
responsible for chiasma formation. It might also be attributed to the failure of 
complete pairing. 
194 
Lawrence (1961) working with Lolium and Tradescantia concluded that 
the decrease in chiasma frequency following mutagenic treatments might 
possibly occur at two stages, viz. during DNA synthesis and sensitive period 
at/or slightly before the stages of chiasma formation. In the former case the 
decrease in the frequency of chiasmata may be due to the disturbance in 
chromosome coiling, failure or restricted pairing at pachytene and the delay 
in DNA synthesis, while in the later it may be affecting the process leading to 
chiasma formation. 
According to Al-Allaf and Godward (1979) cryptic structural changes 
such as minute deletions or small inversions in some of the chromosomes in 
the embryonic initials or the initials which had survived the elimination process 
to take part in the formation of the inflorescence, may be responsible for the 
failure of these segments to form chiasmata and hence reduce the frequency. 
The alteration of chiasmata in the treated plants might also be due to 
rapid terminalization of chiasmata in the bivalents. (Gottschalk and Pietrini, 
1965). They suggested that the genome of Pisum contains several groups of 
different genes or one or several series of multiple alleles causing reduction 
of chiasmata frequency in a recessive condition. 
As the chiasma frequency decreased, the rod bivalents and univalents 
increased simultaneously in Viciafaba. In this regard Lakshmi et al. (1988) 
and Reddy and Annadurai (1992) opined that the mutagens affect normal pairing 
of chromosomes. Reduced chiasma was found to be a factor for causing 
desynapsis in Tradescantia (Celarier, 1955), but it was difficult for him to 
195 
comprehend whether chiasma failure was due to desynapsis or desynapsis was 
the cause of reduction of chiasma frequency. 
5.9.2 : Multivalents : 
The frequency of multivalents increased with increasing doses/ 
concentrations of y + sodium azide, y + caffeine, gamma rays, SA and aniline. 
In present study, the frequency of multivalents was more in combination 
treatments of y + SA and y + caffeine, as also reported by Jayabalan and Rao 
(1988) by gamma + EMS and gamma + NMU in tomato and Venkateswarlu et 
al. (1988) by y + EMS and y + HA in Catharanthus. Multivalent formation as 
induced by gamma rays and chemical mutagens has also been reported by many 
workers (Kaur and Grover, 1985; Dixit and Dubey, 1986; Jain and Sarbhoy, 
1987; Reddy and Annadurai, 1992; Zeerak, 1992; Ahmad, 1993;Khare, 1994; 
Consolaroetal., 1996; Vandana etal., 1996 and Khan etal., 1998. 
The multivalent formation may be due to the breakage in chromosomes 
and their reunion through reciprocal translocations (Shastry and Ramaih, 1961). 
Chaghtai and Hasan (1979) recorded multivalents with increasing dosage of 
EMS, MES and MMS in Lens esculenta and suggested that translocations might 
have been produced due to terminal affinities of chromosomes. 
Zeerak (1992) and Vandana et al. (1996) attributed the multivalent 
formation to irregular pairing and breakage followed by translocation and 
inversion. According to Lea (1955) and Sri vastava (1979) broken ends of the 
chromosomes when fused at random may bring about unequal changes making 
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up the multivalents. In Viciafaba also the multivalents might have been formed 
due to induced heterology in the otherwise homologous chromosomes and/or 
breakage and reunion of the chromosomes. 
5.9.3 : Stickiness : 
The frequency of stickiness in Vicia faba increased with increasing 
doses/concentrations of mutagens. The occurrence of chromosomes showing 
stickiness was more in combined treatments as compared to individual 
treatments in Vicia faba similar to that of multivalents. This result has also 
been supported by Jayabalan and Rao (1988) and Venkateswarlu et al. (1988). 
Stickiness of chromosomes occurring at diakinesis and metaphase I, 
affected adversely the normal disjunction of chromosomes at anaphase I and 
has been reported by a number of workers (Al-Najjar and Soliman, 1982; Reddy 
and Rao, 1982; Shehab et al., 1984; Kaur and Grover, 1985; Jayabalan and Rao, 
1987; Jain and Sarbhoy, 1987; Amer and Farah, 1987; Lakshmi et al., 1988; 
Ragab and Rahem, 1989; Das and Roy, 1989; Myers et al., 1992; Zeerak, 1992; 
Ahmad, 1993; Vandana, 1993; Anis and Wani, 1997 and Khan et al., 1998). 
Although the first report of chromosome stickiness was published at 
the beginning of the century (Koernicke, 1905), the term stickiness was first 
employed by Beadle (1932) when he described the sticky aspect of 
chromosomes in maize cells that had suffered a mutation. 
Radiation induced chromosome stickiness have been reported to be the 
result of partial dissociation of the nucleoprotein and alteration in their pattern 
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of organization (Evans, 1962; Shaikh and Godward, 1972; Katiyar. 1978 and 
Myers et al., 1992). Stickiness in Rosa was reported to be due to interspecific 
hybridization and interaction of genotype and environment (Klasterska and 
Natarajan, 1974), while Katiyar (1978), Rao and Laxmi (1980) and Jayabalan 
and Rao (1987) reported that stickiness at meiosis was due to the disturbances 
in cytochemically balanced reactions by the secondary effect of radiation and 
mutagens. According to Mcgill et al. (1974) and Klasterska et al. (1976) the 
stickiness arises due to improper folding of chromosome fibers. It was reported 
to be the outcome of physiological effects in Vinca rosea (Sudhakaran, 1972). 
He found that alteration in the surface property of chromosomes results in 
their stickiness, chromosome breakage and types of aberrations that play a 
role in inducing sterility. 
Gaulden (1987) postulated that the stickiness may result from defective 
functioning of one or two types of specific non histone proteins involved in 
chromosome organization which are needed for chromatid separation and 
segregation. The altered functioning of these proteins leading to stickiness is 
caused by mutation in structural genes coding for them (hereditary stickiness) 
or by the direct action of mutagens (induced stickiness). However, stickiness 
disappears gradually and the chromosomes individualize through anaphase I. 
In the present material, the stickiness might have resulted due to the 
disturbances in cytochemically balanced reactions by radiations and chemical 
mutagens or due to improper folding of chromosomal fibers. 
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5.9.4 : Precocious Separation of Chromosomes : 
The precocious separation of chromosomes increased with increasing 
doses/concentrations of mutagens in present experiment. Its frequency was 
maximum in y + SA followed by y + caffeine, SA, aniline and gamma rays. As 
in the present material, its occurrence at metaphase I, has been reported by 
number of workers (Dixit and Dubey, 1986; Amer and Farah, 1987; Somashekar, 
1987; Das & Roy, 1989; Anis and Wani, 1997 and Khan etal. 1998). 
This chromosomal behaviour is due to irregular spreading of 
chromosomes which may be attributed to the disturbance to spindle apparatus 
(Amer and Ali, 1974), crossing over between relatively inverted segments (Mc 
Clintock, 1931) or the reunion of chromatids during meiotic prophase (Rees 
and Thompson, 1955; Lewis and John, 1966;Newmann, 1966). 
The univalents separating precociously seemed to be as a result of 
desynapsis (Bose and Saha, 1970), precocious chiasmata terminalization (Kaul 
and Nirmala, 1993) or due to the failure of chiasma formation in pairs (Roy et 
al., 1971). Rao etal. (1990) opined that the gene for stickiness was responsible 
for precocious chiasma release in pearl millet. Anis and Wani (1997) found 
that some of the univalents disjuncted early and presumably this happened due 
to genie disturbances. Such chromosomal divergences in the form of 
precocious movements, according to them, is pointed towards structural 
differences of homologous pair. 
In the present material, the precocious separation of chromosomes might 
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have resulted due to disturbed homology of chromosome pairing or disturbed 
spindle mechanism. 
5.9.5 : Univalents : 
In Viciafaba, due to delayed terminalization of bivalents, the univalents 
could not occur at diakinesis and they were observed only at metaphase I and 
later stages. Their frequency was much less and these were observed only during 
M, generation. Frequency of univalents was mostly dependent on doses of 
single mutagens as well as synergistic effect of mutagens in combined 
treatments (y + SA and y + caffeine). 
The univalents have been noticed by many workers in various plants 
treated with mutagens (Sree Ramulu, 1971 in Sorghnm;¥^a\\oQ, \912\nPisum; 
Rao et al., 1990 in Pearl millet; Zeerak, 1992 in tomato; Ahmad, 1993 in chick 
pea; Kaul and Nirmala, 1993 in Pisum sativum; Khare, 1994 in Adiantum etc. 
These univalents were later on found to be laggards at anaphase 1 and 
telophase I stages. Appearance of univalents indicated the non pairing or early 
separation of chromosomes at the early or late stage of meiotic division 
respectively (Kalloo, 1972). Mutagen induced structural changes in 
chromosomes and gene mutations might be responsible for the failure of pairing 
among homologous chromosomes and hence the presence of univalents 
(Zeerak, 1992). Univalents at M, have also been reported to occur due to 
asynapsis or desynapsis. Where univalency is complete asynapsis is presumed, 
where it is partial desynapsis is inferred (Kaul and Nirmala, 1993). 
200 
The absence of univalents in M, generation was due to the fact that 
desynapsis or asynapsis did not occur and the pairing of bivalents was normal. 
5.9.6 : Bridges : 
The pollen mother cells showing bridges in treated populations of Vicia 
faba, were encountered at AI/AII and TI/TII stages. The frequency of bridges 
increased with increasing doses/concentrations of mutagens in all these stages. 
However, the frequency was less at second meiotic stages. The combined 
mutagens ( y + SA and y + caffeine) induced more bridges than individual 
mutagens (gamma rays, SA and aniline) due to their synergistic effect. The 
bridges were also recorded by Kaur and Grover (1985) in barley; Dixit and 
Dubey (1986) in lentil; Jayabalan and Rao (1987) in tomato; Jain and Sarbhoy 
(1987) in Lens and Pisum, Lakshmi ej al. (1988) in Chilli; Singh and Khanna 
(1988) in wheat; Das and Roy (1989) in Solanum; Reddy and Annadurai (1992) 
in Lentil; Ahmad (1993) in Cicex; Vandana (1993), Vandana et al. (1996), Anis 
et al. (1998) and Khan et al. (1998) in Vicia faba m6 Anis and Wani (1997) in 
Trigonella foenum graecum by treating with different radiations, chemical 
mutagens, pesticides and herbicides etc. 
In the present experiment, the occurrence of bridges with or with out 
fragments can be attributed to the general stickiness of the chromosomes at 
metaphase stage or breakage and reunion of chromosomes. Sax (1940) and 
Singh and Khanna (1988) considered that anaphasic bridges may be formed 
due to unequal exchange of dicentric chromosomes. The occurrence of breaks 
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at the same locus and their lateral fusion leads to the formation of dicentric 
chromosomes, which are pulled equally to both the poles at anaphase and a 
bridge is formed. Thomas (1961) observed that in some cells the interstitial 
chiasmata in translocated chromosomes failed to complete terminalization and 
during anaphase this resulted in a bridge. Bose and Saha (1970) supporting 
Rees (1952) said that a single bridge without fragment could result from the 
failure of division of end genes brought about by nucleic acid upset. According 
to Bora et al. (1961) the absence of fragments from bridges may be due to 
smallness of fragments which disappeared in earlier divisions or originated 
from a chromatic portion. Jones (1968) described contrasting modes of origin 
of bridges in simple terms, "One depends on crossing over between relatively 
inverted segments, the other depends on inverted crossing over between non-
oriented segments". 
Chromatin bridges with fragments could be interpreted due to 
paracentric inversions (Kalloo, 1972; Sinha and Godward, 1972 and Katiyar, 
1978). The chromatin bridge on the basis of crossing over within an inversion 
was also supported by Zeerak (1992). 
5.9.7 : Laggards : 
The frequency of laggards increased with increasing doses/ 
concentrations of mutagens in the present experiment. The maximum frequency 
was present in y + SA followed by y + caffeine, gamma rays, SA and aniline. 
The laggards have also been observed by many workers such as, Kaur and 
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Grover (1985) in barley; Jayabalan and Rao (1987) and Zeerak (1992) in 
Lycopersicon esculenlum; Das and Roy (1989) in Solarium; Ragab and Rahem 
(1989) in Zea mays; Ahmad (1993) in Cicer arietinum; Khare (1994) in 
Adiantum capillus - veneris; Vandana, (1993), Vandana et al. (1996), Anis et 
al. (1998) and Khan et al. (1998) in Viciafaba; Mishra and Raghuvanshi (1989) 
and Anis and Wani (1997) in Trigonella foenum graecum, with physical 
mutagens, chemical mutagens, herbicides and pesticides. The occurrence of 
lagging chromosomes may be explained on the basis of abnormal spindle 
formation and failure of chromosome breakage by binding of DNA regions 
rich in GC pairs causing these to become unstable (Lawley and Brookes, 1963). 
Delayed terminalization, stickiness of chromosome ends or failure of 
chromosome movement have lead to laggard chromosomes in Vicia faba as 
also supported by Kaur and Grover, (1985); Jayabalan and Rao, (1987) and 
Soheir et al. (1989). According to Kalloo (1972), Tarar and Dnyansagar (1980) 
and Das and Roy (1989), due to effect of mutagens the spindle fibers, fail to 
carry the respective chromosomes to the polar regions, and it might be the 
possible reason of the appearence of lagging chromosomes at anaphase I. This 
could also arise by breakage or faulty spindle inducing imbalanced daughter 
nuclei and micronuclei (Katiyar, 1978). 
The presence of lagging chromosomes in second meiotic divisions might 
be attributed to the hindrance of prometaphase movement of chromosomes 
accompanied by adhesion of centromere to the adjacent inner surface of the 
plasma (Barthelmess, 1957). Lagging of chromosomes and their presence as 
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univalents may result in aneuploidy (Schulz-Schaeffer, 1980). In present 
experiment, in the higher doses of y + SA, y + caffeine and gamma rays 
treatments some laggards have been found at prophase 11 which seemed to be 
inherited from previous telophase 1 division and still persisted. 
5.9.8 : Unequal Separation of Chromosomes : 
At anaphase 1, instead of expected 6:6 division of chromosomes, the 
unequal disjunction of chromosomes was observed in higher concentration/ 
doses of all mutagens. 
The unequal disjunction of chromosomes at anaphase 1 might have arisen 
due to early or delayed separation of bivalents, or movement of one 
chromosome of a quadrivalent to one pole and the remaining three to the other. 
It is also possible that a bivalent failed to disjoin and moved as a whole to one 
of the poles. The same anomali has been observed by various workers (Reddy 
and Rao, 1982 in chilli; Dixit and Dubey, 1986 in lentil; Jayabalan and Rao, 
1987 in Lycopersicon esculentum; Venkateswarlu et al., 1988 in Catharanthus: 
Ragab and Rahem, 1989 in Zea mays; Ahmad, 1993 in Cicer arielimtm; Kaul 
and Nirmala, 1993 in Pisum sativum L. Khare 1994 in Adiantum capillus-
veneris and Khan et al., 1998 in Viciafaha). 
The reports of disturbed spindle mechanism, stickiness and irregular 
chromosome movement causing unequal separation are also available (Liang 
etal., 1967; Amer& Ali, 1968 and Reddy and Rao, 1978). 
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5.9.9 : Micronuclei : 
In the present material micronuclei occurred only at prophase II in y + 
SA, y + caffeine, y rays and SA treatments. This may be probably due to the 
occurrence of large number of laggards at telophase I. Moreover, micronuclei 
have been reported more commonly at telophase I and telophase II stages by 
other workers also (Reddy and Rao, 1982; Dixit and Dubey. 1986; Amer and 
Farah, 1987; Somashekar, 1987; Jayabalan and Rao, 1987; Lakshmi et al., 1988; 
Ignacimuthu and Babu, 1989 and Khanetal., 1998). 
The correlation of the occurrence of laggards due to failure of spindle 
formation, leading to the formation of micronuclei at Anaphase I and anaphase 
II, have been worked out by Dixit and Dubey (1986) and the laggards occurring 
at AI & All leading to the formation of micronuclei at telophase 1 and telophase 
n is supported by Liang et al. (1969); Amer and Ali (1974) and Reddy and Rao 
(1978). 
Micronuclei might also be due to the coalescence or aggregation of the 
chromatin materials into masses of various number and sizes (Kabir and Alam, 
1986) or failure of the laggards to reach the pole before uncoiling of 
chromosomes resulting in the formation of daughter nuclei which either 
disintegrate or form micronuclei (Somashekar, 1987) or it may be the out come 
of some disturbances during pairing of homologous chromosomes (Jayabalan 
and Rao, 1987). The micronuclei further result in polyads and are responsible 
for the production of sterile pollen (Patil and Bora, 1961). 
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5.9.10 : Fragments : 
Fragments have been observed at metaphase II only in higher doses/ 
concentrations of all the mutagens, whereas Reddi and Reddi, (1985), Prakash 
et al. (1988), Venkateswarlu et al. (1988) and Khan et al. (1998) have reported 
their occurrence at anaphase I and metaphase II. 
According to Mathew and Kuriachan (1989) the bridges and fragments 
arise as a result of spontaneous breakage, while Lewis and John (1966) proposed 
that irregular crossing over results in the formation of bridges and fragments. 
Caetano-Pereira et al. (1995) considered that the chromosome 
fragmentation observed in the microsporocytes may be due to damaged 
mechanisms of DNA repair caused by genetic or environmental factors. This 
assumption is based on the fact that 
1) DNA is target of most clastogenic, mutagenic and alkylating agents 
capable of inducing damage, defective repair mechanisms or erroneous 
replication of genetic material (Gaulden, 1987). 
2) Chromosome breaks can be induced by environmental factors such as 
temperature, humidity and soil content (Moraes - Fernandes, 1982). 
In addition to these factors the inversion may also be mentioned as one 
of the reasons because in the case of inversion bridges, the fragments have 
been recorded at present also. It is well known that fragments and bridges lead 
to structural changes in the chromosomes. 
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5.9.11 : Unsynchronized Movement of Chromosomes : 
Unsynchronized movement of chromosomes was more common in y + 
SA followed by y + caffeine, SA, gamma rays and aniline. Its presence has 
been reported by Venkateswarlu et al. (1988) in Catharanthus and Khan et al. 
(1998) in faba bean. According to Tarar and Dnyansagar (1980) and Khan et al. 
(1998), unsynchronized bivalent or laggards might be due to the discrepancies 
in spindle formation. 
5.9.12 : Triads, Multinucleates and Abnormal Pollen Mother Cells : 
Frequency of multinucleate or abnormal pollen mother cells increased 
with increasing doses/concentrations of all the mutagens. These abnormalities 
at telophase 1 and II resulted in the formation of non viable/sterile pollens 
which reduced the pollen fertility. The same types of abnormalities have been 
reported by many workers in different crops using different physical and 
chemical mutagens such as, Sree Ramulu, (1971) in Sorghum hi color by X-
ray, gamma rays, EMS, MMS, DES and NMU and their combination treatments; 
Katiyar, (1978) in Capsicum anmium by gamma rays; Venkateswarlu et al. 
(1988) in Catharanthus by gamma rays, EMS, HA alone and in combination; 
Zeerak (1992) in Lycopersicon esculentum by gamma rays, EMS and their 
combined treatments; Kaul and Nirmala (1993) in Pisum sativum by DES; 
Khare, (1994) inAdiantum Capillus-veneris by gamma rays and Shehab et al. 
(1984) by extract of medicinal plants and Vandana et al. (1996) by EMS and 
DES in Viciafaba. Moreover, Kalra et al. (1996) and Ansari et al. (1997) have 
observed 5 & 6 nucleate PMCs in Tabernaemontana divaricata and Ageratum 
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conyzoides growing around highly polluted area of a thermal power plant. 
Kumar et al. (1978) is of the opinion that multipolar condition is determined 
by position and number of poles. The number of poles in a cell depends on the 
position of the assemblage of RNA and polysaccharides which remain 
distributed in the form of sol or gel. According to another report (Kaul and 
Nirmala, 1993) the desynaptic condition imbalance the meiotic stability and 
the unequal and irregular chromosomal disjunctions at AI and All generally 
result in unequal sized triad, tetrad and coenocyte formation. These could also 
arise by breakage or faulty spindle inducing imbalanced daughter nuclei and 
micronuclei and the abnormal karyokinesis and/or cytokinesis (Katiyar, 1978). 
Decreasing trend in the frequency of some morphological and 
chromosomal abnormalities at higher doses/concentrations may be due to the 
death & elimination of highly affected seedlings particularly in M, and survival 
of only the tolerant seedlings having lesser number of these abnormalities. 
In M, generation, the inhibition percentage in germination was lesser 
than M, due to the ceasing toxic effect of the mutagens or damage repair system 
in the plant in the successive generations. Increasing trend of germination and 
pollen fertility at some intermediary doses of y + SA and y + caffeine may be 
correlated with the frequency of mutations in M, in these intermediary doses, 
wherein the frequency of mutations was also lesser. It exhibits that the ceasing 
toxicity may be less mutagenic also. Moreover, in these intermediary 
concentrations the frequency of chlorophyll mutations was generally high 
because effectiveness is higher in lower doses & decreased with increasing 
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doses i.e less toxic doses are more toxic in inducing chlorophyll mutations. 
Growth of the plants, branching and yield also followed the same trend in these 
5 intermediary doses of y + SA and y + caffeine in M^ generation. 
Although lower than M,, a considerable degree of meiotic irregularities 
were observed in M^ and Mj generations, which were greater than control. It is 
perhaps due to the fact that if chromosomal abnormalities induced in M, plants 
is such that there is a little or no effect on cell viability, the division of the 
affected cells should proceed and increase in number and gradually the 
abnormalities might pass on to the next generation. Variations in meiotic 
behaviour have been found from generation to generation, from treatment to 
treatment and from plant to plant. These variations (irregularities) might be 
due to the action of some radiomimetic substances in the soil in which the 
plants are grown or released by seed coats in the water as reported by Sharma 
and Sen (1954), Rieger and Michaelis (1958) and Reddy and Rao (1969). The 
variations may also be due to hazardous effect of environmental toxicity (Kalra 
et al., 1996, Ansari et a l , 1997). Some of the advantages of induced variations 
over spontaneous ones are that their rate is higher, the direction in the light of 
present advanced knowledge in mutagenesis and molecular nature of DNA/RNA, 
is considerably predecided, time period is tremendously shortened and greater 
chances of selection of desired characters are available. 
It has been concluded that the morphological and cytological variations 
observed in the present investigation may be due to physiological disturbances 
in metabolic activities or growth regulators (auxins and cytokinins) and the 
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genetic disturbances like various chromosomal associations and disturbed 
spindle formation as a result of the action of different mutagens used. In the 
condition of undetectable changes at chromosome level, the changes at genie 
level (cryptic structural changes) have been the reasons for phenotypic changes. 
Combination treatments ( y + SA and y + caffeine) showed synergistic effects 
and caused deleterious effects more than single mutagen treatments (i.e. gamma 
rays, SA and aniline), except some random effect in intermediary doses of y + 
SA and y + caffeine. Morphological variations were higher and mostly adapted 
in M, generation, while in M, the mutatns were either chromosomal or genie 
and moreover recessive, because in aniline the frequency of chromosomal 
abnormalities as compared to other mutagens was lower while morphological 
mutations were significant. The mutation rates in lower doses were higher 
since less damaging doses were more effective and efficient. Chromosomal 
abnormalities were also dose/concentration dependent and more or less 
responsible for morphological variations. The mutations were more or less 
similar in all the mutagens with only differences in their frequencies and slight 
specification in y + SA and y + caffeine, wherein it showed random increasing 
trend in two and three concentrations of the mutagens respectively. It can be 
presumed that where ever enzymes are involved there must be the involvement 
of genes, as the genes are expressed in the forms of proteins and enzymes. If 
there is any alteration at genie or base level the mutation is found to occur. 
The induced variability in the present investigation provided greater 
chances of selection for different desirable characters in Vicia faba L. 
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CHAPTER - VI 
SUMMARY 
Present work deals with the effect of gamma rays,gamma rays + SA, 
gamma rays + caffeine, SA and aniline on seed germination, seedling and plant 
growth, morphology, pollen fertility, meiotic abnormalities and yield of Vicia 
faba L. (fabaceae) in M ,^ M^and M, generations. Few selected mutants have 
been maintained in Mj generation. The main objective of this study was to 
explore the possibility of inducing genetic variability for qunatitative and 
qualitative characters and to select the desirable ones. Various other aspects 
of this study were; 
1. Biological damage in M, generation, 
2 Efficiency and effectiveness of the mutagens; 
3 Chlorophyll mutation frequency and its spectrum 
4. Response of chromosomes to these mutagens and the study of changed 
chromosomal configurations. 
The findings are summarized below: 
1) Seed germination and pollen fertility showed a dose dependent decrease 
with gamma rays,S A and aniline, while in five combination treatments 
(lOKR + 0.25% and 20KR +0.25% y + SA and lOKR + 0.25%; 20 KR + 
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0.25% and 30KR + 0.25% y + caffeine) they showed slight increase in 
mean values as compared to their previous lower concentrations, giving 
random trend in combination treatments. Same trend was followed, in 
these doses in M, generation also, but the germination percentage and 
pollen fertility were comparatively higher than that in M, generation. 
Combination treatments showed synergistic (additive) effect and induced 
more reduction than individual treatments. Gamma rays induced more 
reduction in higher doses as compared to SA and aniline. 
2) Frequency of variations increased with increasing doses/concentrations 
in gamma rays, SA and aniline, but in above mentioned five combination 
treatments the frequency was slightly lesser than their lower 
concentrations. The mutants in M, were selected on the basis of selfmg 
the variants of M, and maintaing them in M,. The frequency of mutations 
was generally lower in M, and M, generations, than the variants obtained 
in M, generation. 
3) Average height of mature plants decreased with increasing doses/ 
concentrations in gamma rays, SA and aniline. Combination treatments 
showed additive effect and induced more reduction in height as compared 
to individual treatments. The maximum reduction in height was obtained 
in y + SA followed by y + caffeine, SA, gamma rays and aniline. The 
average height of plants decreased in M, generation also, but generally 
the height of plants was higher than Mj. Moreover, some mutants obtained 
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as a result of segregation in M^ and M, were taller than control plants, 
as well as general treated populations. 
4) The cotyledonary and vegetative leaves of treated plants exhibited 
abnormalities like notching, lobe formation, rudimentary, poor 
development, fusion of both margins of leaflets to form cup shape 
structure, unequal, changes in margin and apex and increase in thickness 
in M, generation. These abnormalities were common in all the mutagens, 
with the difference in their frequencies only. In aniline, the leaflets were 
mostly obovate, smaller, thicker, entire and round. Almost similar 
abnormalities were observed in M, and M^  generations also, but the 
frequencies were lower. 
5) Older seedlings also exhibited morphological variations such as varied 
leaf shape and size, semi erect plants with lesser number of branches 
and leaves, thick, hard and woody stem, healthy seedlings with increased 
number of branches, delayed germination followed by retarded growth 
and rudimentary seedlings bearing undifferentiated branches and leaves. 
In M^ generation, the variations in leaf morphology like unequal, deep 
notching, three lobes, deshaping, fusion and narrowing were also 
observed. 
6) In mature plants, the morphological mutants like dwarf mutants with 
small narrow leaves, dwarf mutants with decreased number of branches, 
taller bushy plants with increased or decreased number of branches and 
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leaflets, mutants with increased or decreased number of flowers, erect 
and semi erect habits, higher or lower yield than control, were obtained 
in various treatments of M^ and M, generations. 
7) Various micromutational characters such as leaf ratio, average number 
of leaves, branches, pods, seeds and weight of seeds on per plant basis 
as well as on the basis of weight of 100 seeds were isolated and studied 
in M,, M, and M, generations. Except leaf ratio, which was random and 
independent of doses, all other characters decreased with increasing 
doses/concentrations of gamma rays, SA and aniline. Combination 
treatments showed random effect similar to seed germination and pollen 
fertility. The yield was maximum in aniline followed by SA, gamma rays, 
Y + caffeine and y + SA. Generally the yield was higher in M, and M, 
generations than M, due to the ceasing toxic effect of mutagens. 
8) A wide spectrum of chlorophyll mutants (Albina, Xantha, Viridis, 
Xanthoviridis, viridoxantha and striata) were obtained in M, generation. 
The frequency of chlorophyll mutations was dose dependent and 
increased with the increasing doses/concentrations of mutagens, y + SA 
treatments induced the highest frequency of chlorophyll mutations 
followed by y + caffeine, y rays, SA and aniline. 
9) The mutagenic effectiveness was higher at lower doses of the mutagens. 
The order of mutagens based on effectiveness was y rays>SA> aniline> 
y + SA > y + caffeine, y-rays being the most effective. The mutagenic 
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effeciency worked out on the basis of seedling injury (MP/I) and pollen 
sterility (MP/S), also showed a declining trend with increasing 
concentrations of gamma rays, SA and aniline, while in combination 
treatments it showed random effect. The order of mutagenic efficiency 
was Y + SA> Y + caffeine > SA > aniline > Y-rays. 
10. The effect of mutagens on meiotic chromosomes was studied in detail. 
The chiasma frequency (per cell and per bivalent) generally decreased 
with the increasing doses/concentrations of mutagens at diakinesis and 
metaphase I stages, while in combination treatments (lOKR + 0.25% 
and 20KR + 0.25% Y + SA and lOKR + 0.25%, 20KR + 0.25% and 30KR 
+ 0.25% Y + caffeine), there was increasing trend as compared to their 
lower concentrations. The maximum adverse effect on chiasma frequency 
was observed in Y + SA, followed by Y + caffeine, Y rays, SA and aniline 
treatments. The same pattern was followed in M^ generation also. 
11. Multivalent associations and stickiness were observed at diakinesis and 
metaphase I stages. Their frequencies increased with increasing doses/ 
concentrations of mutagens. Multivalents and stickiness were also 
observed in Mj and M, generations but their frequencies were 
comparatively lower than that of Mj generation. 
12. The univalents were observed at metaphase I stage but their frequencies 
were very low. However, they increased with increasing doses/ 
concentrations of mutagens. The univalents were not found in M^  and 
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M, generations. 
13. Precocious separation of chromosomes was observed at metaphase I 
stage. Their frequency increased with increasing doses/concentrations 
of all the mutagens and the increase was significant at 1% level in higher 
doses/concentrations of all mutagens. Their frequency decreased in M^ 
and M, generation. 
14. At anaphase I, the abnormalities like laggards, bridges, unsynchronized 
movement of chromosomes and unequal separation, were mainly 
observed. The maximum frequency of these abnormalities were observed 
in y + SA followed by y + caffeine, y rays, SA and aniline. In M., and M, 
generations, same abnormalities were observed, but their frequencies 
were lesser than M,. 
15. At telophase I, the main abnormalities were laggards and bridges. Their 
frequencies increased with increasing doses/concentrations of mutagens. 
The laggards were more common in y + SA, y rays and SA and the bridges 
in y + caffeine and aniline. In M, and M, generations they were lesser 
than M,. 
16. Abnormalities at second meiotic stages were lesser in treated populations 
in M, and M, generations. However, some of the abnormalities recorded 
were laggards and micronuclei at prophase II, fragments and precocious 
separation at metaphase II, laggards, bridges and disoriented 
chromosomes at anaphase II and multinucleate microspore mother cells. 
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laggards and bridges at telophase II and these were significant in higher 
doses/concentrations of almost all mutagens. The frequency of these 
abnormalities at second meiotic stages were maximum in y + SA followed 
by Y + caffeine, y rays, SA and aniline. In M, generation, the frequencies 
of above mentioned abnormalities were lesser than Mj, while in M^ no 
such abnormalities were present in second meiotic stages. The possible 
cytogenetic reasons behind the variations have been discussed in detail. 
17. The positive and negative mutants have been isolated in M .^ They showed 
various morphological characters almost similar to that of M, such as 
tall, dwarf, bushy, less branching, high or low yielding etc. which were 
further stabilized in M, generation. 
The induced cytomorphological variabilities in the present investigation 
provided greater chances of selection for different desirable characters in Vicia 
faha L. 
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r^ 
^^ 
/Kefetenced 
^ 
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Figure Plate 1 - Seedling Abnormalities in V.faba induced by 
gamma rays and gamma rays + Chemical 
Mutagens (M, generation): 
Fig A : Control: Normal Cotyledonary and Vegetative leaves 
Fig B : Erect seedling with deeply notched vegetative leaves forming lobes (20 
KR gamma rays) 
Fig C : Erect seedling with small, round & acute vegetative leaflets (30KR 
gamma rays) 
Fig D : Cotyledonary leaves, well developed, notching at the apex in vegetative 
leaflets, round apex (30KR gamma rays). 
Fig E : Poorly developed cotyledonary and vegetative leaves with serrate 
margin and deshaped, stunted growth (40KR gamma rays). 
Fig F : Cotyledonary leaves forming cup shaped structure, vegetative leaves 
notched (5KR 7 rays + 2.00% SA). 
Fig G : Poorly developed cotyledonary leaves, unequal leaflets in vegetative 
leaves, lamina of leaflets forming cup shape structure (1 OKR y rays + 
1.00% SA). 
Fig H : Rudimentary cotyledonary leaves, one vegetative leaflet well 
developed, while others rudimentary (20KR y rays + 2.00% SA). 
Fig I : Cotyledonary leaves rudimentary, vegetative leaflets unequal with wavy 
margin (30KR gamma rays + 2.00% SA) 
Fig J : Apical vegetative leaves condensed due to condensation in nodes and 
intemodes with deeply notched to form four lobes. Older leaves normal 
with round apex (lOKR y rays + 2.00% caffeine). 
Fig K: Poorly developed cotyledonary and vegetative leaves forming 
undifferentiated aggregate structure (30 KR y rays + 0.25% caffeine). 
Fig L : Small thick cotyledonary leaves, vegetative leaflets forming cup shaped 
structure (40KR y rays + 2.00% caffeine). 
FIGURE PLATE 1 - Seedling abnormalities in V.faba induced by gamma rays and 
gamma rays + chemical mutagens (Mi Generation). 
Figure Plate 2 - Morphological Abnormalities in older 
seedlings of V.faba induced by gamma rays 
and gamma rays + caffeine(Mj generation) : 
Fig A : Normal seedlings with normal paripinnately compound leaves 
bearing obovate, round and smooth leaflets (control) 
Fig B ; (1) Erect seedlings with two types of leaves - upper normal obovate 
and lower ones smaller round, some leaflets rudimentary. 
(2) One seedling showing delayed germination and rudimentary (lOKR 
gamma rays). 
Fig C : Erect dwarf seedling with no branching, growth and leaf formation 
very poor (30KR gamma rays). 
Fig D : Erect seedlings with increased number of branches and leaves 
(30KR Y rays + 1.00% caffeine). 
Fig E : Semi erect seedling with less number of branches, leaves ovobate 
with round and acute apices, one branch highly developed with 
bigger leaves and round apex showing chimeral effect (30KR y 
rays + 2.00% caffeine) 
Fig F : Semi erect plant with smaller obovate leaves (40KR y rays + 
0.25% caffeine). 
FigG : Erect seedling with increased number of branches and leaves, 
bushy, hard and thick stem, 6 leaflet in each rachis (40KR y rays 
+ 1.00% caffeine) 
Fig H : Erect seedling with less number of branches, one side branch has 
smaller leaves while other bears rudimentary leaves (40KR y rays 
+ 1.00% caffeine). 
n 
FIGURE PLATE 2 - Morphological abnormalities in older seedlings of V.faba induced 
by gamma rays and gamma rays + caffeine (Mi Generation). 
Figure Plate 3 - Morphological Abnormalities in older 
seedlings of V.faba induced by gamma rays 
+ caffeine (Mj generation) : 
Fig A : Normal seedlings (control) 
Fig B : Generally seedlings smaller than control (1) Xantha type mutant 
(2) Albino mutant (5KR y rays + 2.00% caffeine). 
Fig B': Same as above (enlarged), one smaller seedling is albino, while 
others Xantha type mutants. 
Fig C : Chlorophyll mutant longer as compared to other treated seedlings 
with under developed leaves. Cotyledonary and few vegetative 
leaves completely albino, while younger vegetative leaves 
developing chlorophyll so as to form Xantha type, other treated 
seedlings showing thicker obovate leaves with prominent midrib 
and slow growth (1OKR y rays + 1.00% caffeine). 
m 
FIGURE PLATE 3 - Morphological abnormalities in older seedlings 
of V.faba induced by gamma rays + caffeine 
(Ml Generation) 
Figure Fiate 4 - Leaf Variations indcued by different mutagens 
in V.faba (Mj generation): 
Fig A : Leaf variations induced by gamma rays: 
I. Control; 2. Small & round (lOKR); 3 & 4 - unequal (20KR); 
5-three lobed (30KR); 6-thick mid rib and slightly notched 
(40KR). 
Fig B : Leaf variations induced by gamma rays + S A: 
2-4, 6,10ai-Deshaping (5KR + 1.00%, lOKR + 0.25%, 20KR + 
1.00%, 30KR+ 1.00%resp ctively);5,8,12-unequal lobed (5KR 
+ 2.00%, lOKR + 2.00% and 30KR + 2.00% respectively); 7-
three lobed (lOKR + 1.00%); 9 and 13 - notching (20KR + 0.25% 
and 40KR + 0.25% respectively). 
Fig C : Leaf variations induced by gamma rays + caffeine: 
1. Control, 2 and 3 - small and round (5KR ^ 0.25% and 5KR + 
1.00%), 4,6,9,13-unequal lobed (lOKR + 0.25%, lOKR + 2.00%, 
20KR + 2.00% and 40KR + 2.00% respectively), 5-fused leaflets 
(lOKR + 1.00%), 7, 8, 10, 12-notched (lOKR + 2.00%, 20KR + 
0.25%, 30KR+ 1.00% and 40KR+ 1.00% respectively), 11-thick 
mid rib (40KR +0.25%). 
Fig D : Leaf variation induced by SA 
1. Control; 2. slightly notched (0.50%); 3,13 am". 14-deeply 
notched (0.50, 1.50 and 1.50% respectively); 4, 7 & 8-thick mid 
rib (0.50%, 0.75% & 1.00% respectively): 5-unequal (0.75%); 6 
and 10-deshaped (0.75 and 1.00%); 9,11 & 15 round shape (1.00, 
1.25% and 1.50% respectively) and 12-linear(1.25%). 
Fig E : Leaf variations induced by aniline: 
1. Control; 2,3, 6 and 12-deshaped (0.50, 0.50, 0.75 and 1.50% 
respectively); 4, 5, 8, and 17 - round shape (0.50, 0.75, 1.00 and 
2.00% respectively); 7, 9, 13 and 14 unequal lobed (0.75, 1.00, 
1.50 and 1.75% respectively); 10-three lobed (1.25%); 11-fused 
and deeply notched (1.25%); 15-normal (1.75) and 16-slightly 
notched (2.00%). 
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FIGURE PLATE 4 - Leaf variations induced by gamma rays, gamma rays + SA, 
gamma rays + caffeine, SA and aniline in V.faba 
(Ml Generation). 
Figure Plate 5 - Morphological Abnormalities in older 
seedlings of V.faba induced by gamma rays 
(Mj generation): 
Fig A : Seedlings with obovate, entire, obtuse and smooth leaflets 
(control). 
Fig B : Albino type mutant with wavy leaf margin. Some older leaves 
Xantha type, slower growth rate as compared to control (20KR 
gamma rays). 
Fig C : Erect seedlings with two type of leaves : older leaves are broader, 
obovate with obtuse apex while younger leaves smaller, ovate with 
acute apex (20KR gamma rays). 
FIGURE PLATE 5 - Morphological abnormalities in older 
seedlings of V.faba inducedby gamma 
rays (M2 Generation). 
Figure Plate 6 - Morphological Abnormalities in older 
seedlings of V.faba induced by gamma rays 
+ SA (M^ generation): 
Fig A : Dwarf sterile seedlings with small round, thick, rudimentary leaves, 
one pair of leaflets bigger and normal (5KR y rays + 0.25% SA) 
Fig B : Dwarf plants, showing delayed germination and Xantha type 
mutants. Some leaves underdeveloped (5KR y rays + 1.00% SA). 
Fig C : Erect seedlings bearing younger lanceolate leaves with acute 
apices, while broader lower leaves with obtuse apices (5KR y rays 
+ 2.00% SA). 
VI 
FIGURE PLATE 6 - Morphological abnormalities in 
older seedlings of V. faba 
induced by gamma rays + SA 
(M2 Generation). 
Figure Plate 7 - Morphological Abnormalities in older 
seedlings of V.faba induced by gamma rays 
+ SA (Mj generation) : 
Fig A : Dwarf seedlings with broad leaves, one seedling shows fusion of 
vegetative leaflets while other deeply notched, due to incomplete 
division of leaflets (lOKR y.rays + 0.25% SA). 
FigB : Erect seedlings with deeply notched leaflets (20KR y rays + 
0.25% SA). 
Fig C : Erect seedling with increased number of branches arising from 
ground level. Main branch bearing broader leaves as compared to 
side branches (30KR y rays + 0.25% SA). 
VII 
FIGURE PLATE 7 - Morphological abnormalities in older 
seedlings of V.faba induced by 
gamma rays + SA (M2 Generation). 
Figure Plate 8 - Morphological Abnormalities in older 
seedlings of V.faba induced by gamma rays 
+ caffeine (M^ generation): 
Fig A : Tall plant with increased number of branches and leaves. Some 
leaflets show rough, thick and leathery surfaces with undulate 
margin, while others are lanceolate type. (lOKR y rays + 2.00% 
caffeine). 
Fig B : Erect seedlings with notched leaflets and reduced number (20KR 
Y rays + 1.00% caffeine). 
Fig C : Erect seedling - one rachis has rudimentary and deshaped leaflets 
and other with three leaflets arising from single apex. Lower 
leaves thicker and deshaped (30KR y rays + 0.25% caffeine). 
Fig D : Erect seedling, side branches bearing thick broader condensed 
leaflets due to reduced internodes (30KR y rays + 2.00% 
caffeine). 
VIII 
FIGURE PLATE 8 - Morphological abnormalities in older seedlings of V.faba 
induced by gamma rays + caffeine (M2 Generation). 
Figure Plate 9 - Morphological Abnormalities in V faba 
induced by gamma rays + caffeine and SA (M^ 
generation): 
Fig A : Seedlings of Varied heights. 
One dwarf seedling with increased number of branches and smaller 
and notched leaflets (30KR y rays + 1.00% caffeine). 
Fig B : Small seedlings with thick obovate and round leaflets, obtuse apex 
and prominent midrib (40KR y rays + 1.00% caffeine). 
Fig C : Xantha type mutant with variegated leaflets (0.50% SA). 
Fig D : Erect seedling with thick deeply notched and deshaped leaflets 
(0.75% S A). 
IX 
FIGURE PLATE 9 - Morphological abnormalities in V.faba 
induced by gamma rays + caffeine 
and SA TM? GenerationV 
Figure Plate 10 - Morphological Abnormalities in older 
seedlings of V, faba induced by SA (M^ 
generation): 
Fig A : Small seedlings with lanceolate leaflets and acute apices (1.00% 
SA). 
Fig B : Erect seedling with thicker leaflets, incomplete fusion of two 
older leaflets resulting in notching (1.25% SA). 
Fig C : Small seedling with thick, bigger, round leaflets and apically 
condensed (1.50% S A). 
FIGURE PLATE 10 - Morphological abnormalities in 
older seedlings of V. faba induced 
by SA (M2 Generation). 
Figure Plate 11 - Morphological Abnormalities in older 
seedlings of V.faba induced by aniline (Mj 
generation): 
Fig A : Erect seedlings with notching in older leaflets (a), fusion of two 
leaflets forming unequal lobes (b) (1.00% Aniline). 
Fig B : Erect seedlings with broader, obtuse leaflets in majority (1.25% 
Aniline). 
Fig C : Erect seedling with deshaped leaflets due to fusion, other leaves 
obovate but longer than control (1.75% Aniline). 
Fig C : Fig C - enlarged. 
XI 
FIGURE PLATE 11 - Morphological abnormalities in older 
seedlings of V.faba induced by Aniline 
(M2 Generation). 
Figure Plate 12 - Morphological Abnormalities in older 
seedlings of V.faba induced by aniline, SA 
and gamma rays + caffeine (Mj generation): 
Fig A : Erect seedling with small round leaflets (1.75% Aniline). 
Fig B : Erect seedling with rudimentary, deshaped and bifurcated leaflets, 
younger leaflets varying in shape and size (2.00% Aniline). 
Fig C : Three seedlings showing xantha type chlorophyll mutant with 
underdeveloped curly leaflets (1.25% SA). 
Fig C : Fig C - enlarged. 
Fig D : Seedling with unequal leaflets, smaller leaflets with rough surface 
(20KR Y rays + 0.25% caffeine). 
Fig E : Deep furrows forming two and three lobes in the leaflets. Affected 
leaflets showing rough surface (40KR y rays + 0.25% caffeine). 
XII 
FIGURE PLATE 12 - Morphological abnormalities in V.faba induced by 
Aniline, SA and Gamma rays + caffeine 
(M2 Generation). 
Figure Plate 13 - Selected Mutants of V. faba in M3Generation : 
Fig A : Erect bushy mutant with woody stem bearing green broader leaflets 
with generally obtuse apex (5KR y rays + 2.00% SA). 
Fig B : Tall mutant with less number of branches. Leaflets are narrower 
and lanceolate (20KR y rays + 0.25% SA) 
Fig C : Tall bushy mutant with more number of branches, leaflets and high 
yield (30KR y rays + 0.25% SA). 
Fig D : Dwarf, erect mutant with lesser number of leaflets and decreased 
yield (lOKR y rays + 0.25% caffeine). 
Fig E : Tall, bushy mutant with weak stem but contains more number of 
branches (12 branches) (lOKR y rays + 2.00% caffeine). 
Fig F : Tall mutants with narrow elongated leaflets. The number of pods 
and seeds are lesser than control. Number of leaflets much higher 
(1.50% SA). 
XIII 
FIGURE PLATE 13 - Selected mutants of V.faba in Ms Generation. 
Figure Plate 14 - Chromosomal Abnormalities in V.faba induced 
by gamma rays (M, generation): 
Fig A : Diakinesis - Showing 1'^  (spoon shaped) 4"' (lOKR) 
Fig B : Diakinesis - Showing 1 '^  and 4"' (20KR). 
Fig C : Metaphase I - 1 '^  and 4"'. Tetravalent showing early desynapsis 
(5KR). 
Fig D : Anaphase I - Showing fragmented laggard (20KR) 
FigE: Anaphase I - Showing multiple chromatin bridges and 
unsynchronized separation of chromosomes (30KR). 
Fig F : Telophase I - Showing laggard, broken bridge and a fragment 
(40KR). 
Fig G : Prophase II - Showing two micronuclei (40KR). 
Fig H : Prophase II - Showing two fragmented laggards (30KR). 
Fig I : Metaphase II - One group at equator at metaphase II, while other 
at prometaphase II (still unorganized on equator) (lOKR). 
FigJ: Anaphase II - Showing unsynchronized movement of 
chromosomes, probability of unequal division in one group of 
separating chromosomes (20KR). 
Fig K : Telophase II - 3 groups of chromosomes, dividing chromosomes 
showing laggard and Inversion bridge (20KR). 
Fig L : Telophase II - Showing 3 nucleate condition (two nuclei fused 
together (40KR). 
XIV 
FIGURE PLATE 14 - Chromosomal abnormalities in V.faba induced 
by gamma rays (Mi Generation). 
Figure Plate 15 - Chromosomal Abnormalities in V.faba induced 
by gamma rays + SA (M^ generation): 
Fig A : a - Diplotene - Showing 1 '^ ' + 4"' (5KR + 2.00%). 
b - Diakinesis - Shwong 1 '^ ' + 4"', tetravalent forming inversion loop 
(5KR + 2.00%). 
Fig B : Diakinesis - Showing secondary association of 5IIs + III (1OKR 
+ 1.00%). 
Fig C : a - Metaphase I - Showing 1 stray bivalent and a tetravalent ring 
(20KR + 0.25%). 
b - Metaphase 1 - Showing secondary association of 5^^ + one bivalent 
free (20KR + 0.25%). 
Fig D : Metaphase I - Showing stickiness and precocious separation of 
1II(10KR+ 1.00%). 
Fig E : a - Metaphase 1 - Showing 6"* at equator (5KR + 1.00%) 
b - Metaphase I - Showing 2''' + 2"' (5KR + 1.00%). 
Fig F : Metaphase 1 - Showing stickiness in all 6 bivalents (20KR + 
2.00%). 
Fig G : Metaphase I - Showing 1'^ ' forming inversion loop and 4"' (3OKR 
+ 0.25%). 
Fig H : Metaphase I (late) - 3"' + 2'* + 2 stray bivalent. 
XV 
FIGURE PLATE 15 - Chromosomal abnormalities in V.faba induced 
by Gamma rays + SA (Mi Generation). 
Figure Plate 16 - Chromosomal Abnormalities in V.faba induced 
by gamma rays + SA (M,generation) : 
Fig A: Anaphase I- Showing unsynchronized movement of 
chromosomes and chromatin bridge formation (30KR + 2.00%). 
Fig B : Prophase II - Showing a laggard and a bridge (30KR + 1.00%) 
FigC: Metaphase II - Showing inversion bridge and unorganized 
chromosomes (20KR + 1.00%). 
FigD: Anaphase II - Showing laggard and unequal division of 
chromosomes (30KR + 1.00%) 
Fig E : Anaphase II - Showing unorganized chromosomes forming 3 groups 
(one group undivided) (30KR + 2.00%) 
Fig F : Telophase II - Disoriented chromosomes forming 3 groups + 
laggard (30KR +2.00%). 
Fig G : Anaphase II - Showing laggard and a bridge (40KR + 0.25%). 
Fig H : Telophase II - Showing 6 - nucleate (hexad) condition (30KR + 
2.00%). 
XVI 
FIGURE PLATE 16 - Chromosomal abnormalities in V.faba 
induced by Gamma rays + SA 
(Ml Generation). 
Figure Plate 17 - Chromosomal Abnormalities in Vfaba induced 
by y+ caffeine (Mj generation): 
Fig A : Prophase I - Diakinesis showing the V^ + 3"' (5KR + 2.00%) 
Fig B : Prophase I - Diakinesis showing I '^  + 4"' (lOKR + 0.25%) 
Fig C : a - Metaphase I - Showing 6"'at equator (lOKR + 1.00%) 
b - Metaphase I - Showing stickiness among 5"» + 1" (1OKR + 1.00%). 
Fig D : Metaphase I - Showing one decavalent forming inversion loop and 
l"free(20KR + 0.25%). 
Fig E : Metaphase 1 - Showing one octavalent forming y shape structure 
+ 2"'(20KR+2.00%). 
Fig F : Metaphase 1 - Showing y shaped 1 '^  + 4"' (40KR + 0.25%) 
Fig G : Anaphase I - Showing unsynchronized movement of chromosomes 
and multiple bridges (20KR + 1.00%). 
Fig H : Anaphase 1 - Showing two laggards (30KR + 1.00%). 
XVII 
FIGURE PLATE 17 - Chromosomal abnormalities in V.faba induced 
by Gamma rays + caffeine (Mi Generation). 
Figure Plate 18 - Chromosomal Abnormalities in V.faba induced 
by Y+ caffeine (M^ generation): 
Fig A : a - Metaphase I - 1'' + 2"» + 4" (40KR + 1.00%) 
b - Metaphase I - 4"' + 4'' (40KR + 1.00%). 
Fig B : Telophase I - Showing inversion bridge and a fragment (40KR + 
0.25%) 
Fig C : Prophase II - Showing one micronucleus and stretching of 
chromatin forming bridge (30KR + 2.00%) 
Fig D : Metaphase II - Showing unsynchronized disjunction of chromatids 
and a fragment (1OKR + 1.00%). 
Fig E : Metaphase II - Showing fragment and unsynchronized disjunction 
(20KR + 2.00%) 
FigF: Meta- Anaphase II - Showing chromatin bridge in dividing 
chromosome set (30KR + 1.00%). 
FigG: Anaphase II - Showing disorientation of chromosomes and 
multipolar orientation (40KR + 2.00%). 
Fig H : Telophase II - Showing 5 nucleate (Pentad) condition (40KR + 
1.00%). 
XVIII 
FIGURE PLATE 18 - Chromosomal abnormalities in V. faba 
induced by Gamma rays + caffeine 
(Ml Generation). 
Figure Plate 19 - Chromosomal Abnormalities in Vfaba induced 
by sodium azide (M, generation): 
Diplotene - Showing stickiness of 4"' + 2"' free (0.50%). 
Metaphase I - Secondary association of 6"' (0.75%) 
Metaphase I - Showing 2'^' + 2"', one tetravalent forming ring 
(1.25%). 
Metaphase I - Showing 6"' and early desynapsis in one bivalent 
(1.50%). 
Metaphase I (late) - 3 bivalents free + stickiness in other three 
bivalents(1.25%). 
Anaphase 1 - Showing unsynchronized movement of chromosomes, 
and unequal division due to delayed terminalization (1.25%). 
Telophase I - Showing univalent and bivalent as laggards, broken 
bridge, resulting in unequal division (1.50%). 
Telophase I - Showing 2 laggards (1.00%). 
Prophase II - Showing micronucleus (1.25%). 
Meta-Anaphase II - Showing unsynchronized division (0.75%) 
Anaphase II - Showing disoriented chromosomes and unequal 
division (1.00%). 
Fig L : Anaphase II (late) - Showing inversion bridge with fragment and 
laggards (1.50%). 
Fig A : 
FigB: 
FigC: 
FigD: 
FigE : 
FigF: 
FigG : 
FigH: 
Fig I: 
Fig J: 
FigK: 
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FIGURE PLATE 19 - Chromosomal abnormalities in V. faba induced by SA 
(Ml Generation). 
Figure Plate 20 - Chromosomal Abnormalities in V.faba induced 
by aniline (M^ generation): 
Fig A : Diakinesis - Showing stickiness of chromosomes (0.75%) 
Fig B : Diakinesis - P '+ 1'^  showing translocation + 1" (1.25%) 
Fig C : Metaphase I - 1 '^ ' with inversion ring + 4"' (1.00%) 
Fig D : Metaphase I - Showing 2'^' + 2"' (1.75%). 
Fig E : Anaphase I - Showing chromatin bridge due to delayed disjunction 
ofa bivalent (1.50%). 
Fig F : a & b : Anaphase I - Showing broken bridge and a laggard (2.00%). 
Fig G : Telophase I - Two nuclei fused at centre following their polar 
orientation (1.50%) 
Fig H : Telophase I - Showing laggards (1.75%). 
Fig I : Metaphase II - Showing fragments & stickiness (1.75%). 
Fig J : Metaphase II - Showing disoriented chromosomes and fragments 
(2.00%). 
Fig K : Anaphase II - Showing stretching of chromosomes due to abnormal 
disjunction (1.50%). 
Fig L : Telophase II - 3 nucleate condition and broken bridge (1.75%). 
XX 
FIGURE PLATE 20 - Chromosomal abnormalities in V. faba induced by Aniline 
(Ml Generation). 
Figure Plate 21 - Chromosomal Abnormalities in V.faba induced 
by gamma rays, SA and aniline (M^generation): 
Metaphase I - Showing 1'"+ 4"' + 1' (20KR gamma rays). 
Metaphase I -1'^ ' + Association of 4 bivalents forming two groups 
of chromosomes (30KR gamma rays). 
Metaphase I - Showing P ' + 3"» (40KR gamma rays). 
Metaphase I - 5"' (ring) + 1 bivalent showing precocious 
terminalization (1.25% SA). 
Metaphase I - Showing 1'^  ring + 4"' (1.50% SA). 
Metaphase I - Association of 4"' + a clump of 2"', showing 
uncoiling, non-synapsis in one chromosome (1.75% Aniline). 
Metaphase I - 3"' (rod) + 1" (ring) + 4'^  (30KR) 
Metaphase 1 - Unsynchronization, precocious movement of 
chromosomes (1.25% SA). 
Anaphase 1 - Showing laggards, unequal distribution (1.50% 
Aniline). 
Metaphase II - Unsynchronized division of chromatids (1.50% 
SA). 
Meta-Anaphase II - One group at metaphase II while other dividing 
at anaphase II (1.00% Aniline). 
Telophase II - Showing chromatin bridges (2.00% Aniline). 
Fig A: 
FigB: 
FigC: 
FigD: 
FigE : 
FigF: 
FigG: 
FigH: 
Fig I : 
Fig J : 
Fig K : 
FigL: 
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FIGURE PLATE 21 - Chromosomal abnormalities in V. faba induced by 
Gamma rays, SA and Aniline (Mi Generation). 
